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Dr. Hendrik Jürges, Prof. Dr. Falko Jüßen, and Prof. Dr. Christian Bredemeier and all

other participants for their stimulating discussions and critiques. Moreover, attending the

COPE conference and receiving invaluable participant comments have provided a broader

perspective on my work. I would also like to sincerely thank the dedicated members of

the DICE lab in Dusseldorf. Their expertise, guidance, and collaborative spirit were

instrumental in the successful execution of my experiment.

Though primarily academic, this journey is paved with personal connections that have

made it gratifying. I am grateful to past and present colleagues who offered academic

and emotional support. Heartfelt thanks go to Dorothée Averkamp, Adrian Eckstein,

Markus Thomanek, Nana Berulava, Faisal Malik, Dinara Issabekova, Francisco Vainstein,

Grisildo Bajraktari, Franz Westermaier, and Lulseged M. Asegu. Their camaraderie made

the process enjoyable and intellectually stimulating. I would be remiss not to mention

the help from the secretary, Isabelle Guyot, and our diligent student assistant, Anna

Schwietering. Their impeccable work behind the scenes was essential in preparing the

experiments and navigating complex bureaucratic challenges.

I owe a deep debt of gratitude to my family, my parents and brother, whose subtle

nudges and quiet understanding have been invaluable.

Last but most certainly not least, my partner, Dr. Polina M., whose belief in me

has been my guiding light throughout this endeavour. Your sacrifices and support in my

journey have meant more than any words can express.

Thank you, one and all, for being a part of this pivotal chapter of my life.





Preface

This thesis, centred on exploring Relative Performance Evaluation (RPE) contracts

within executive compensation, comprises three chapters, a comprehensive introduction,

and a concluding discussion that synthesises findings and suggests future research direc-

tions. This thesis aims to critically examine and expand the understanding of the practice

of RPE awards under the lens of experimental and theoretical frameworks.

In Chapters 2 and 3, I present self-contained empirical studies conducted with my

supervisor, Prof. Dr Werner Bönte. Chapter 2 outlines an online study carried out dur-

ing the COVID-19 pandemic using Prolific.com, while Chapter 3 presents findings from

laboratory experiments conducted at the Econ Lab of the University of Wuppertal and

the DICE Lab at the University of Düsseldorf. My role was central in these co-authored

chapters. I originated the research questions, designed the experiments, oversaw the data

collection processes, and conducted statistical analysis. I undertook the majority of the

manuscript preparation, from articulating the research questions and scouting the rel-

evant literature to constructing the arguments and points of discussion. In Chapter 2,

I programmed the experiment in JavaScript/CSS/HTML, coordinated the experimental

sessions, and managed communications with Prolific.com. For Chapter 3, my tasks addi-

tionally included coding the experiments using oTree, running the experimental sessions,

and navigating the logistical and legal complexities of collaborating with the DICE Lab.

For both studies, I conducted statistical analysis in R.

During our discussions, Prof. Dr Werner Bönte enriched the research with his method-

ological expertise and provided editorial input and feedback, ensuring the manuscripts

met high academic standards. The ethical soundness of the experimental methodologies

in Chapters 2 and 3 received approval from the University of Wuppertal’s ethics commit-

tee. The Chair of Industrial Organisation and Innovation at the Schumpeter School of

Business and Economics funded these studies.

Chapter 2, titled “Relative Performance Evaluation and Executive Compensation:

Adding Fuel to the Fire,” was presented at the University of Wuppertal’s internal Brown

Bag seminar and the 2023 Colloquium on Personnel Economics (COPE) at Vrije Uni-

versiteit Amsterdam. An earlier version of Chapter 2 was submitted to the Journal of

Economic Behavior and Organization. Although the submission was unsuccessful, re-

viewers noted the “study to be interesting and useful” and that “the experiment was

conducted in a very professional manner”. Both reviewers have suggested that running

additional experimental sessions in a simultaneous setting would strengthen the paper.

Interestingly, the research presented in Chapter 3, which was conducted prior to this feed-

back, already incorporates some of the recommended aspects. Reflecting on the other

comments received for the submission, reviewers suggested a more concise discussion and



theoretical section. The current plan involves incorporating these changes to enhance

clarity and focus before resubmitting to an alternative journal. However, it is worth

noting that the current, more comprehensive version offers a broader and in-depth ex-

ploration of the subject, aligning better with the academic rigour expected of a doctoral

thesis.

For Chapter 3, the immediate focus is conducting additional experimental sessions at

the University of Wuppertal. This step is crucial for improving the publishability of the

paper, ensuring the results are robust and the findings are well-substantiated. While we

are open to refining the paper, the core structure and content are expected to remain

largely unchanged. The strength of the existing analysis and the added depth from further

data will solidify the paper’s contribution to the field.

Chapter 4 makes a theoretical contribution to the research on Relative Performance

Evaluation bonuses. Drawing inspiration from the current practices and examples of CEO

compensation contracts, I introduce a novel conceptual framework and develop theoretical

predictions currently unaddressed in the literature. In line with the overarching theme

of this thesis, I also propose an experimental design aimed at testing these predictions.

The experimental design is set for preregistration of the study.

This thesis represents a comprehensive journey through the intricacies of Relative

Performance Evaluation in executive compensation, combining empirical research with

theoretical innovation. It is my hope that this thesis will be a valuable contribution to

the field, stimulating further scholarly discussion and practical application in executive

compensation and corporate governance.

All remaining mistakes are my own.
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Chapter 1

General Introduction

“The use of thugs or sadists for the collection of extortion or the guarding of prisoners,

or the conspicuous delegation of authority to a military commander of known motivation,

exemplifies a common means of making credible a response pattern that the original source

of decision might have been thought to shrink from or to find profitless, once the threat

had failed. (Just as it would be rational for a rational player to destroy his own rationality

in certain game situations, either to deter a threat that might be made against him and

that would be premised on his rationality or to make credible a threat that he could not

otherwise commit himself to, it may also be rational for a player to select irrational

partners or agents.)”

Thomas Schelling - Strategy of Conflict (1960)



6 General Introduction

1.1 Background and Motivation

1.1.1 Foundational Concepts

The separation of ownership and decision-making has become a defining characteristic in

modern organisations. Effective management is widely recognised as vital for business

success (Finkelstein et al., 2009). However, this separation introduces distinct challenges,

notably the issue of agency problems. Adam Smith, in his seminal work “The Wealth of

Nations”, was among the first to highlight this concern:

“The directors of such companies, however, being the managers rather of

other people’s money than of their own, it cannot well be expected, that they

should watch over it with the same anxious vigilance with which the partners

in a private copartnery frequently watch over their own. Like the steward of a

rich man, they are apt to consider attention to small matters as not for their

master’s honour, and very easily give themselves a dispensation from having

it. Negligence and profusion, therefore, must always prevail, more or less, in

the management of the affairs of such a company.”

— Adam Smith (1776) An Inquiry into the Nature and Causes of the Wealth

of Nations, Book V: Chapter 1: Part III. Article 1.

A natural question at the heart of the observation by Smith is, thus, how best to

ensure that managers’ actions reflect the interests of the company’s owners. Assuming

the goal of the owners is to maximise profits1 a straightforward solution is to tie execu-

tive compensation to the company’s performance, thereby aligning the objectives of the

managers and the owners. This idea of pay-for-performance is accepted as a primary

determinant of executive compensation2 and is implicitly assumed in standard economic

models (Holmstrom and Tirole, 1989).

Although the pay-for-performance approach seemingly resolves the problems with

separation of ownership and control, the advances in agency theory (see Bratton (2012))

over the past sixty years offer additional insights into how optimal executive compensa-

tion should be structured. More specifically, agency theory advocates including relative

performance evaluation (further RPE) to complement pay-for-performance. Intuitively,

contracts that include relative performance metrics tie the compensation positively to the

performance of the manager’s company and negatively to the performance of other compa-

nies. Broadly speaking, there are two theoretical perspectives on why profit-maximising

1This is a common approach in economic theory, e.g., Tirole (1988) or Lambertini (2017). Even
more so, in some countries, this is a legal requirement for the company. For example, in Finland: “The
purpose of a company is to generate profits for the shareholders unless otherwise provided in the Articles
of Association”(LLC Act, Chapter 1.5). For a discussion of different objectives, see Sundaram and
Inkpen (2004); Lankoski and Smith (2017) and the literature therein.

2See Edmans et al. (2021) for a review of the field data and Edmans et al. (2017) for empirical
evidence.
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owners may want to include relative performance considerations in remuneration decisions

for executive management.

The first perspective considers RPE contracts as a way to accurately and efficiently ex-

tract (potentially unobservable) efforts from the agent (executive manager). For example,

based on the informativeness principle (Holmstrom, 1979), an optimal contract should

link an agent’s pay to the outcomes directly under their control and to all available in-

formation that might provide insights into their effort and performance. Thus, including

relative performance metrics can insulate risk-averse CEOs by filtering out industry-wide

shocks (Gibbons and Murphy, 1990) and provide stronger incentives to extract effort

(Lazear and Rosen, 1981; Gibbons and Murphy, 1990). A similar principle is used in the

talent-retention hypothesis (De Angelis and Grinstein, 2020), which assumes talent is not

fully observable.

Despite the benefits, one known concern associated with implementing relative perfor-

mance payment schemes, especially at lower organisational levels, is the potential encour-

agement of sabotage and cooperative shirking behaviours (Lazear, 1989). Manifesting in

various forms — ranging from withholding critical information to spreading false data

or even deliberately damaging work tools — such sabotage is primarily aimed at un-

dermining competitors’ performance to elevate one’s position (Harbring and Irlenbusch,

2011). In the context of executive compensation, Gibbons and Murphy (1990) suggest

that CEOs “tend to have limited interactions with CEOs in rival firms, thus sabotage and

collusive shirking seem unlikely”. However, this assumption may not hold in imperfectly

competitive markets. Indeed, in the context of oligopolistic markets, sabotage between

the firms may take the form of sub-optimally low pricing, increasing output volumes ex-

cessively, or engaging in disproportionate advertising spending (Bloomfield et al., 2023).

Although detrimental to the manager’s firm, these strategies can inflict greater harm

on peer firms, making them potentially more appealing to managers incentivised by the

RPE-based bonuses.

While at first glance, owners might seek to discourage compensation schemes that

misalign their objectives with those of their managers, a contrasting view emerges from

the strategic delegation literature. This second perspective, far from seeing aggressive

strategies as mere unintended consequences of RPE contracts, leverages them as a key

mechanism to achieve a more dominant market position. Schelling (1960) noted that

it might be “rational for a rational player to destroy his own rationality”. Drawing on

Schelling’s insights, strategic delegation literature suggests that owners should deliber-

ately incorporate non-profit maximising elements into their managers’ incentive schemes.

This surprising consequence of the separation of control and decision-making is developed

in the seminal papers by Vickers (1985), Fershtman and Judd (1987), and Sklivas (1987).

Van Witteloostuijn (1998) aptly termed this phenomenon the “profit maximisation para-

dox”.
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The underlying intuition behind the mechanism in strategic delegation lies in the

idea that profit-maximising owners can commit to a more aggressive strategy by in-

cluding bonuses based on metrics other than profits into their managers’ contracts. In

the duopoly situation, if one of the owners chooses to commit his firm to an aggressive

strategy, his firm ends up with higher profits. If both owners use non-profit maximising

components as part of their manager’s contract, both firms end up with lower profits. In

other words, the possibility of commitment leaves the owners in a prisoner’s dilemma,

where commitment is a dominant strategy. Earlier works focused on own-performance

metrics like sales (Vickers, 1985; Fershtman and Judd, 1987) or revenue (Sklivas, 1987).

Salas Fumas (1992) is the first3 to explicitly look at the relative performance metrics with

later works also analysing market share4 (Ritz, 2008; Jansen et al., 2008). Works by Ritz

(2008), Jansen et al. (2007) and Jansen et al. (2008) formally compare these approaches

and find that using relative performance contracts (in particular, relative profits) is strate-

gically superior to own-performance metrics, as competitor-oriented5 objectives are less

susceptible to external manipulation.

1.1.2 Existing Empirical Evidence

Regardless of the theoretical rationale behind their use, observational-level data shows

that RPE bonuses are becoming widespread in modern companies. Early works did not

find significant evidence of relative performance metrics in executive compensation. This

phenomenon was broadly described as the “RPE puzzle” (Murphy, 1999; Prendergast,

1999). However, recent empirical studies present substantial evidence of the contrary.

Following the changes in the disclosure policies mandated by SEC in 2006, Gong et al.

(2011) show that over 25 per cent of all major US companies (S&P 1500) use explicit

relative performance metrics in executive remuneration decisions. Bettis et al. (2018)

contribute to this body of evidence by showcasing that nearly half (48%) of firms granting

performance-based equity in 2012 incorporated at least one relative performance metric.

Recent studies by Ma et al. (2019) and Bizjak et al. (2022) also indicate an upward trend

in adopting the relative performance metrics.

The rising prevalence of relative performance bonuses in executive compensation

brings discussions of their effects into sharper focus. Several studies have suggested

that the effects of RPEs on product market strategies (i.e., increase in competitive levels)

may explain firms’ reluctance to use them, e.g., Aggarwal and Samwick (1999a), Gong

3Vickers (1985) have mentioned using relative profits as part of the managerial compensation con-
tracts; however, Salas Fumas (1992) developed this idea further and was the first to refer to it as relative
performance evaluation in the context of strategic delegation.

4Although it may seem that market share is an own-performance metric, achieving a higher market
share necessary requires decreasing the market share of the competitors.

5Competitor-oriented incentives and relative performance contracts are often used synonymously in
the strategic delegation literature. This substitution is possible because achieving a competitive advan-
tage, as reflected in relative metrics such as profits or market share, inherently involves considering rivals’
performance.



1.1 Background and Motivation 9

et al. (2011), and Vrettos (2013). The main evidence supporting these conjectures is

the observed negative relationship between the level of industry concentration and the

adoption of RPEs in firms, as noted in Bloomfield et al. (2023). In other words, these

studies primarily focus on identifying the reason behind the use of RPE bonuses (or lack

thereof) rather than establishing a causal relationship between RPEs and product market

strategies.

1.1.3 Research Objective and Methodology

Put differently, despite the widespread use of RPE bonuses in executive compensation,

there still exists a notable gap in academic research concerning their causal impact on

managers’ strategic choices. Investigating causal effects presents a challenge due to the

following limitations inherent in observational data. Firstly, executive compensation has

evolved into a highly intricate structure6, encompassing fixed salaries, bonuses, stocks,

stock options, and long-term incentive plans. These components may all be contingent

on the firm’s performance and relative performance (Bettis et al., 2018). Even with

complete knowledge of the contract terms, isolating the impact of a specific element be-

comes practically unfeasible. Secondly, any decision about compensation is inherently

dependent on firm-specific characteristics (for example, the competitiveness or nature of

the markets, firm size, and number of competitors). This problem with endogeneity is

emphasised in the report by Edmans et al.: “identifying causal effects of pay on firm be-

havior or performance requires instrumental variables or natural experiments that create

quasi-random variation in executive pay. Given the nature of the pay-setting process,

there are very few valid instruments that affect pay without also affecting the outcome

variable of interest through some other channel (thus violating the exclusion restriction)”

(Edmans et al., 2017, p.484). Lastly, the environments in which firms operate are not

fully transparent. A comprehensive evaluation of CEO decisions from a strategic perspec-

tive requires complete access to firms’ cost functions and demand estimates, which are

often unavailable. Consequently, it is nearly impossible to establish a causal relationship

between RPE awards and CEOs’ actions from firm-level data.

The present thesis addresses this gap and contributes to understanding of the causal

effects of RPEs on market strategies. Due to the challenges of using firm-level data, this

thesis takes an experimental approach. The advantages of a controlled environment are

significant. It enables full observability, simplifies the complexities inherent in real-world

variables, and ensures that contract allocations are entirely exogenous. This method

of analysing causal relationships is long established in industrial economics literature

(Normann and Ruffle, 2011).

The research direction of this thesis is motivated by the empirical evidence of the use of

6So much so that compensation consultants are using Monte Carlo simulations to estimate grant
values.
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RPE-based bonuses rather than by theoretical motivations behind firm owners’ choices to

use them. Sengul et al. (2012) argues that strategic implications of managerial incentives

are present regardless of whether these effects are intended (as in strategic delegation

literature) or unintended (as in frameworks based on the informativeness principle). The

studies in this thesis share this perspective. In other words, the subsequent chapters

treat the RPE awards as exogenous and investigate the consequences of adopting them

on top of the standard compensation schemes (i.e., absolute performance evaluations

(APE)). Thus, the theoretical predictions in this thesis draw heavily on market stages in

the strategic delegation models (Vickers, 1985; Salas Fumas, 1992; Jansen et al., 2008).

The thesis poses two research questions. The first question is:

What are the causal effects of Relative Performance Evaluation (RPE) bonuses on

individual strategies of the managers?

Understanding the effects of RPE on individual strategies is of paramount importance

for firms and incentive designers, particularly in light of the discourse in management lit-

erature with regard to “competitive irrationality” (Arnett and Hunt, 2002). Competitive

irrationality7 is a tendency of managers to sacrifice the absolute profits of their company

only to improve their relative competitive standing (Graf et al., 2012). In other words,

managers choosing aggressive product market strategy (for example, elevated levels of

output or sub-optimally low prices) even without any additional incentives is a well-

known phenomenon8. RPE-based awards provide explicit incentives to behave spitefully

(which may or may not be intended by the contract designers). Thus, if managers over-

react to these incentives, it may become detrimental for the firms to use RPE awards,

as managers would sacrifice absolute profits beyond what is theoretically predicted to

improve their relative position.

The second research question is:

What are the causal effects of the presence of Relative Performance Evaluation (RPE)

bonuses on market outcomes?

The second question is the direct extension of the first one. If the RPEs indeed

encourage aggressive behaviour, they inadvertently affect firms’ profits and the overall

level of competition in the market. The latter consequence is of particular relevance for

policy-makers. Currently, government bodies advocate for the use of RPEs as a tool

7Note, this is a term used in the Management research literature. From economists’ perspective,
many behaviours deemed “irrational” can be justified by specific objective functions. In this instance,
competitive irrationality is better described as non-compensation maximising behaviour.

8For example, in a number of laboratory studies with over a thousand subjects, Armstrong and
Collopy (1996) found 40 per cent of the participants were willing to sacrifice part of their company’s
profits to beat or harm the competitor. Even more peculiar, they report that management education
increases the probability of choosing less profitable decisions. Griffith and Rust (1997) present similar
findings in pricing decisions of MBA students under Bertrand competition environment.
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to improve shareholder value (Farmer et al., 2013). However, if RPE awards make the

markets more competitive, they can also be used as a tool by anti-trust authorities. This

potential of RPE bonuses to intensify market competition highlights the relevance of

this research direction not just in the realm of corporate governance but also in broader

economic policy for enhancing allocative efficiency.

1.1.4 Thesis Overview and Contributions

Chapters 2 and 3 feature self-contained experimental studies. Chapter 2 focuses on the

effects of the RPE bonuses in a static environment. The design of the experiment in

Chapter 2 is particularly well-suited for analysing the changes in individual strategies,

i.e., for testing the core mechanism behind the RPE awards in strategic environments.

Thus, Chapter 2 is directed primarily at answering the first research question. Chapter

3 explores the effects of RPE bonuses in a dynamic (repeated) setting, focusing on the

market consequences and allocative efficiency. Additionally, this chapter investigates the

role of RPE awards in environments where explicit agreements are possible, examining

RPEs’ potential as tools for mitigating cartel stability. Chapter 4 offers a novel theo-

retical insight, which is inspired by ongoing debates regarding the practices of relative

performance evaluation bonuses. However, continuing the leitmotif of the thesis, Chapter

4 also proposes an experimental design to test its theoretical conclusions. Consequently,

each chapter advances the thesis’s research direction, examining RPE bonuses across var-

ious strategic contexts and scenarios. In doing so, the thesis, as a whole, contributes to

several distinct strands of literature.

First and foremost, the thesis provides empirical evidence on the effects of RPE awards

in the context of imperfectly competitive markets, supplementing the studies based on

observational data, e.g., Aggarwal and Samwick (1999a), Gong et al. (2011), Vrettos

(2013), or Bloomfield et al. (2023).

Second, the thesis contributes to experimental literature on strategic delegation by

establishing a causal relationship between RPE bonuses and product market strategies.

Unlike previous studies which examine other remuneration schemes, such as sales bonuses

(Huck et al., 2004a; Kim, 2022) or revenue bonuses (Du et al., 2013), this thesis focuses

specifically on the RPE awards. In contrast, previous studies concentrate on the owners’

decisions (i.e., whether to adopt a certain incentive), thus suffering from potential endo-

geneity problems. In contrast, this thesis treats the RPE contracts as exogenous, as they

may be introduced for other (non-strategic) reasons. Thus, experimental studies in this

thesis aim to demonstrate causal effects.

Third, by analysing the effects of RPEs on market outcomes in dynamic environ-

ments, the thesis also offers new perspectives to the extensive body of research on market

efficiency, tacit collusion, and cartel stability (Engel, 2007, 2015). Chapter 3 presents

empirical evidence that RPE bonuses can make the markets more competitive and have
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the potential to destabilise explicit cartels. Unlike existing experimental works that pri-

marily focus on factors external to the firm (i.e., number of firms, type of competition,

product heterogeneity among many others9), this thesis looks at internal factors, similar

to recent experiments by Kim (2022) and Fonseca et al. (2022). Furthermore, Chapter 4,

inspired by the practices in executive compensation, posits that some RPE awards may

encourage collusion. The theoretical foundation for this conjecture is similar to Spagnolo

(1999) and Spagnolo (2005), yet is unaddressed in the current literature on RPE awards.

Lastly, the findings in this thesis add to an emerging field of Behavioural Agency

Theory (Pepper et al., 2019). Behavioural Agency Theory proposes a new approach to

principal-agent relationships that builds upon the recent advances in behavioural eco-

nomics and psychology. In the context of managerial compensation, Pepper et al. (2019)

argues that managerial decision-making is affected by both extrinsic motivations (for

example, explicit monetary incentives like RPE awards) and intrinsic motivations (for

example, being spiteful as in Fehr et al. (2008)). These motivations are neither indepen-

dent nor additive (Pepper and Gore, 2012). In other words, when designing incentives, it

is important to consider their behavioural effects. Results in Chapter 2 show that RPE

awards amplify intrinsic preferences to behave “competitively irrationally”, validating the

ideas described in Behavioural Agency Theory.

1.2 Framework

Before going into further details about the methodology and contributions of each chapter,

it is first essential to look at the general framework, its underlying assumptions and the

extent to which these assumptions align with RPE bonuses observed in practice.

1.2.1 General Framework

Broadly, managerial compensation (vi) can be represented by the following form:

vi = wfixed + fown(πi) + frpe(πi, πk, ...) (1.1)

Where wfixed is the fixed salary of the executive manager, πi is the firm’s performance

(for example, the simplest measure of performance is profits), fown(πi) is the pay-for-

performance component, and frpe(πi, πk, ...) is the relative performance component.

The fixed salary is the least important component as it does not affect strategic

decision-making. Empirical evidence further reflects this conclusion, with fixed salary

accounting for only 13 per cent of total executive compensation (Edmans et al., 2017).

In fact, it is not uncommon for CEOs to forgo their fixed salary altogether. For example,

CEOs of growing firms would often choose a one-dollar salary as a signal for high hopes

about future performance (Hamm et al., 2015).

9See Feuerstein (2005b); Potters and Suetens (2013); Engel (2015) for review of existing experimental
studies.
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The second element of executive salary is positively related to the firm performance

(πi), capturing concerns from the observation by Adam Smith. Empirical studies mostly10

agree that improved performance results in higher compensation for executive managers

and has high pay-performance sensitivity (Hall and Liebman, 1998). Although going

into exact details of executive managers’ individual compensation is beyond the scope

of this thesis, there are few typical elements of CEO compensation packages that can

illuminate this mechanism11. First, CEOs are commonly minority stockholders in their

company, implying that increased performance (like profits) is also partly distributed to

them. Second, most compensation packages include performance bonuses with either

stock, options or cash, further contributing to pay-performance sensitivity.

The third element of managerial compensation is the focus of this thesis. Broadly,

frpe(πi, πk, ...) depends positively on the performance of the manager i’s company and

negatively on the performances of K other companies that form the reference peer group.

Including this element allows for evaluation of the manager’s performance relative to the

performances of other K companies. Many dimensions of RPE bonuses differ from firm

to firm.

Early reports by Bannister et al. (2010) showed that three-quarters of S&P 500 com-

panies used accounting-based measures (i.e., profits, sales or revenue). Contemporary

studies indicate that market-based performance measures like relative total shareholder

return are used more often12 (Ma et al., 2021).

The way outperforming peer group firms (i.e., K firms) increases CEO reward is

also different. The majority of companies use rank-order tournaments similar to Lazear

and Rosen (1981), where the performance of all K + 1 firms is ranked. The manager

is rewarded based on the relative rank of his company. An example (from Bizjak et al.

(2022)) of a payment scheme is shown in Figure 1.1. Around 14 per cent of the companies

(Angelis and Grinstein, 2019) use a distance measure - where the manager is rewarded

based on the distance to the average performance of peer group companies.

Lastly, an important dimension of the RPE awards concerns the selection of the ref-

erence peer group. Analyses by Albuquerque (2009), Gong et al. (2019) and Bizjak et al.

(2022) show significant heterogeneity in how these peer groups are constructed. From the

risk-sharing perspective (i.e., according to the informativeness principle), selecting firms

in the same industry is the most beneficial since firms in the same industry are more

likely to suffer from the same exogenous shocks. Therefore, as noted in Bloomfield et al.

(2023), the peer groups would often contain firms that are direct competitors. However,

10For a discussion, see Bebchuk et al. (2002), who describe arguments in favour of the view that
managers possess significant power over their own compensation and can, therefore, be paid without
concerns for their firm’s performance.

11For a more comprehensive review, see Murphy (2013).
12For example, De Angelis and Grinstein (2019) report that only 35 per cent of the companies use

accounting-based measures - indicating the ongoing evolution of the RPE awards.
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Figure 1.1: Example of an RPE Award — Transocean, Ltd (2009)

from (Bizjak et al., 2022)

this is not always the case, and the RPE awards may use a broad market index (e.g.,

S&P 500 or S&P 1500) or choose companies that are similar in size but are not direct

competitors (Ma et al., 2021).

Regardless of the exact details of the RPE award, the underlying concept remains

consistent: if the performance of the reference group companies is relatively lower than

the performance of the managers’ company, the manager receives a higher bonus. Do et al.

(2022) report that outperforming the peer group, on average, results in a 4.2 million USD

pay increase - a significant part of the median CEO compensation of 7.2 million.

1.2.2 Thesis-specific Framework

As with any experimental analysis, this thesis makes several simplifying assumptions.

Throughout Chapters 2-3, managerial compensation is assumed to be:

vi = wfixed + πi + γ(πi − π−i) (1.2)

Where wfixed is a fixed payment, πi is the company i’s profits, π−i is the profit of the

direct competitor −i and γ > 0 is the weight of relative performance component.

The first component (wfixed) is the same as in the Eq. 1.1. Both chapters assume

the performance metric to be the company i’s profits. Although the general framework

does not assume fown to be linear in performances, maximising πi results in maximising

fown(πi), as fown is monotonically increasing in πi. In other words, from the perspective

of strategic action space, this simplification realistically corresponds to what is observed
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in practice.

With regard to the relative performance evaluation component (i.e., γ(πi−π−i)), there

are several notes. First, this specification preserves the overall direction of the effects of

performances (profits) of firm i and firm −i. Second, although the main reason behind

the linear relationship is improved tractability and ease of understanding for experimental

subjects, RPE measures based on the distance and accounting measures (as described in

the previous subsection) are also observed in real-world contracts13. Additionally, this

representation is commonly assumed in empirical works on RPE, e.g., Aggarwal and

Samwick (1999a) or Vrettos (2013).

Lastly, the key assumption in Eq. 1.2 implies only one firm in the reference peer

group, a direct competitor of firm i. Angelis and Grinstein (2019) show that 40 per

cent of the peer group companies belong to the same 4-digit SIC (Standard Industrial

Classification) code as the firm of interest14. In other words, peer groups often contain

firms in the same industry, i.e., direct competitors. Therefore, this assumption is fairly

realistic for concentrated industries and relatively small reference peer groups.

If some peer group companies operate in a completely different industry, the manager

of firm i cannot meaningfully influence their performances. The latter is not true for

direct competitor companies in the peer group, similar to the frameworks previously

described in strategic delegation literature (Vickers, 1985; Jansen et al., 2008). Including

RPE bonuses that contain competitors influences how the manager of firm i chooses his

product market strategies. Chapters 2 and 3 focus specifically on these implications.

Chapter 4 uses a more general framework and does not assume any specific form of

the RPE component but preserves the underlying concept of the bonus increasing with

the performance of the firm in question and decreasing with the performances of all other

firms in the reference group. In this approach, at least intuitively, if the reference peer

group of manager i does not involve any competitors or is relatively large (for example,

if the RPE award is using a broad index as a benchmark), the strategic choices of the

manager of firm i should not change. This intuition is implicitly assumed in most studies

that analyse the relation between RPE and product market competition. Chapter 4

challenges this perspective and describes a situation where including an RPE award that

does not involve direct competitors may push managers towards a more collusive outcome.

1.3 Chapter Overview

The subsequent chapters are structured as autonomous studies and contain individual

hypotheses, background literature reviews, methodology, and contributions. However,

the presented studies are connected by the broader research questions and the underly-

13Additionally, even with a rank-order tournament structure, if the profits of the company −i are
observable with some level of noise that is normally distributed, the relationship between RPE grant
value and the profits of firm π−i can be, at least partly, approximated by a linear relationship.

14Around 70 per cent belong to the same Fama–French 48 industry classification as the firm.
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ing thesis-specific framework. More specifically, each chapter presents different strategic

environments where the implications of the thesis-specific framework are investigated.

I now provide an overview of each chapter and respective methodologies and contri-

butions.

1.3.1 Chapter 2

Chapter 2, titled “Relative Performance Evaluation and Executive Compensation: Adding

Fuel to the Fire”, starts the overarching theme of the thesis by comparing the effects of

the compensation schemes that include the Relative Performance Evaluation (RPE) com-

ponent to those that only rely on the Absolute Performance Evaluation (APE).

The study’s primary aim is to test the underlying mechanism behind the RPE awards,

namely the change in individual response functions. Including a relative performance

component (as described in Section 1.2) that uses a direct competitor as a benchmark

encourages more aggressive product market choices. In the context of a quantity-setting

duopoly, a manager under the RPE contract would select higher quantities for any pos-

sible choice of his competitor than under the APE contract. From the perspective of the

profit-maximising firm (or a manager under the APE contract), elevated quantity choices

would mean that the firm’s profits are lower for any specific choice of the rival firm. How-

ever, from the perspective of the compensation-maximising manager, there are explicit

incentives to engage in such behaviour. If the motivation for the use of the RPE is to

commit to a more aggressive strategy (as in strategic delegation literature (Vickers, 1985;

Salas Fumas, 1992; Jansen et al., 2008)), then some level of misalignment between the

response functions of a compensation-maximising manager and a profit-maximising firm

is intended15. However, even in this interpretation, if the inclusion of the RPE awards

results in higher frequencies of over-aggressive behaviour (i.e. managers sacrificing their

compensation), then firms’ profits suffer even more than theoretically predicted. Thus,

the secondary aim of the study is to analyse whether RPE-based contracts increase the

likelihood of observing over-aggressive behaviour.

To fulfil the study’s objectives, my co-author and I conducted an online experiment.

Acting as firm managers in a Stackelberg duopoly, participants were tasked with choosing

production quantities. The experiment employed the strategy method, as described by

Brandts and Charness (2011). In other words, each participant, assuming the role of a

Stackelberg follower, formulated response plans by choosing production levels in reaction

to all potential decisions made by the Stackelberg leader. Subjects created their response

plans under both RPE and APE compensation schemes. This design enabled both within-

subject analysis for the entire sample and between-subject analysis for a subset of subjects

with primary exposure to treatment. Most importantly, the strategy method allowed the

15In contrast, for the frameworks based on the informativeness principle, any deviation from the profit-
maximising market strategy is a negative side effect.
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comparison ( between compensation schemes with and without the RPE component) to

be made on the entire response functions rather than on individual observations.

The experimental results point to a causal effect of the RPE-based compensation

scheme on quantity decisions: subjects opt for higher quantities when incentivised by

the RPE-based compensation scheme. In other words, the experiment provides conclu-

sive empirical support for the basic mechanism behind the strategic effects of the RPE

awards. However, while this observation is consistent with theoretical predictions, the

data implies that subjects deviate from payoff maximisation under both compensation

schemes. In particular, the findings indicate that the compensation system that includes

RPE significantly raises the probability of individuals sacrificing their own compensation

in an attempt to diminish their competitors’ earnings (i.e., behaving over-aggressively).

The study contributes to several strands of literature. As discussed in the subsection

1.1.4, the study is supplementary to the current works on RPEs that look into observa-

tional firm-level data. Additionally, the study provides a more detailed account of the

causal relationship between RPEs that include direct competitors and product market

strategies, adding further insights to the literature on strategic delegation. The observed

over-aggressive behaviour is a direct instance of being competitively irrational, i.e., sac-

rificing one’s compensation to hurt the competitor. In this way, the study can also be

seen as a contribution to the body of work on “competitive irrationality” (e.g., Graf et al.

(2012); Graf-Vlachy (2021) and “costly sabotage” (e.g., Harbring et al. (2007); Harbring

and Irlenbusch (2011)).

1.3.2 Chapter 3

Chapter 3, titled “The Impact of Relative Performance Evaluation in Executive Compen-

sation on Market Efficiency and Collusive Behaviour”, continues the theme of the thesis

by considering the effects of the RPE awards in a dynamic environment. In contrast to

Chapter 2, which focuses on the effects on individual managers, Chapter 3 examines the

market efficiency implications of the RPE awards.

The study employs infinitely repeated Cournot duopoly as its framework. Theoreti-

cal models in Matsumura and Matsushima (2012) and Guigou and de Lamirande (2015)

suggest that in this setting, RPE-based contracts would improve market efficiency in two

ways. First, as in Chapter 2, RPE contracts would result in more aggressive strategies

than APE contracts. Although more intense competition in a static game increases re-

wards from cooperating on the market level, as discussed in Lundgren (1996), RPE-based

compensation also increases the managerial incentive to deviate from any cooperative

outcomes. Thus, the second channel is that both tacit and explicit collusion would be

less stable under RPE-based compensation than under APE-based compensation. This

premise has not yet been empirically shown.

An economic experiment was conducted to test these theoretical conclusions. The
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experiment took place in the Econ Lab (University of Wuppertal) and the DICE lab

(University of Dusseldorf). Participants engaged in a repeated duopoly, making quantity

decisions as managers. The experiment varied in two main aspects: the type of com-

pensation and the possibility of communication. Participants’ rewards were determined

by either Absolute Performance Evaluation (APE) or Relative Performance Evaluation

(RPE) bonuses. The experiment was organised as a series of supergames. In total,

participants played four supergames: two under each compensation scheme. This setup

enabled the analysis of market outcomes across all bonus combinations (APE vs. APE,

APE vs. RPE, RPE vs. APE, and RPE vs. RPE). The second variable concerned com-

munication: in one scenario, participants could coordinate their strategies through chat

before each supergame, while in the other, no communication was permitted. The anal-

ysis of chat messages in the communication scenario provided insights into the formation

of collusive agreements and participants’ choice to deviate from these agreements during

the experiment.

The experimental results reveal that, without communication, RPE-based contracts

improve market efficiency by increasing output. The chosen output levels increase even

if only one of the two managers receives RPE-based compensation. The results also

show that both firms’ profits decrease due to RPE-based compensation, regardless of

whether one or both firms use it. However, RPE-based pay has no significant effect on

the rate of explicit collusion, as the majority of the markets were able to achieve collusive

agreements. Hence, the results confirm existing experimental studies that have also shown

the importance of communication for collusive behaviour (Fonseca and Normann, 2012;

Hanaki and Ozkes, 2022). The effect of communication is strong enough to weaken the

pro-competitive effects of RPE on allocative efficiency. However, based on the current

data, there is some suggestive evidence that RPE contracts provide sufficient incentives

for deviation after reaching the agreement.

The study’s primary contribution is to the literature on tacit collusion and cartel

stability (Engel, 2007, 2015). Unlike previous experimental works in this area, the study

looks at internal factors as possible determinants of the level of competition in the mar-

ket. The experiment is the first to examine the causal effect of RPE-based awards on

the stability of explicit agreements. The results of the study have direct policy implica-

tions. Currently, government bodies advocate for the use of RPEs as a tool to improve

shareholder value Farmer et al. (2013). However, the experimental results reported in

Chapter 3 show that RPEs can also be used as a pro-competitive device, improving al-

locative efficiency and potentially destabilising cartel agreements. However, the RPEs

should explicitly include direct competitors to achieve this.
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1.3.3 Chapter 4

Chapter 4, titled “Relative Performance Evaluation in Executive Compensation May

Encourage Collusion: Why Details Matter”, diverges from the frameworks of Chapters 2

and 3, which focus on Relative Performance Evaluations (RPEs) with direct competitors

as reference benchmarks. Instead, it examines RPE contracts utilising non-competitor

peer groups or broad indices (for example, S&P 500 or S&P 1500) for benchmarking.

Empirical studies, e.g., Bizjak et al. (2022); Bloomfield et al. (2023), suggest that company

owners adopt this approach to mitigate the negative impacts on profitability from the

heightened competition (demonstrated by experimental evidence in the earlier chapters).

Furthermore, Ma et al. (2021) mentions that some compensation consultants suggest this

approach to companies.

Chapter 4 consists of two parts. The first part presents a theoretical model which

explores the strategic implications of RPE awards that do not include direct competitors.

The theoretical framework considers a generalised model of an infinitely repeated duopoly

and compares scenarios where managers’ contracts include RPEs against those where

compensation is solely based on the company’s own performance metrics. The analysis

demonstrates that RPEs increase the gains from collusion and may also make collusive

behaviour easier to sustain. The chapter then derives specific conditions under which this

holds true and examines the extent to which these conditions are observed in commonly

used compensation contracts.

The predictions of the theoretical model highlight the necessity for a more critical

discussion of current practices in RPE awards due to their potential to induce collu-

sion. However, as the model concentrates only on the strategic aspect of the RPE-based

compensation, validating its findings poses significant practical challenges, particularly

if based on observational firm-level data. Thus, as a preliminary step, the second part

of the chapter outlines the design of a controlled economic experiment to test its predic-

tions. It provides a comprehensive description of the experimental treatments, formulated

hypotheses, procedures, and the analytical approach to be employed. As part of this pro-

posal, Chapter 4 also provides a power analysis. This emphasis on experimental design

rather than results is a direct response to a growing trend towards pre-registration and

pre-analysis plans in economic research, aimed at enhancing transparency and method-

ological integrity.

Broadly, the concerns raised in Chapter 4 are largely overlooked in recent empiri-

cal literature. Although the model serves primarily as an illustration of the potential

mechanism, its implications are nonetheless concerning for anti-trust authorities and pol-

icymakers. Confirming these theoretical predictions in a controlled experiment would

ideally invite further discussions and empirical analyses. Consequently, the proposed ex-

periment could broaden the collective understanding of the current practices in executive

compensation and potentially inform future policy and regulatory decisions in the field
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of executive compensation.
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Chapter 2

Relative Performance Evaluation and Executive Com-

pensation: Adding Fuel to the Fire†

Abstract

In this experimental study, we compare the effects of a compensation scheme based on

Relative Performance Evaluation (RPE) and a compensation scheme based on Absolute

Performance Evaluation (APE) on decision-making in a market game. To this end, we

conduct an online experiment using the strategy method to obtain individual responses

in a duopoly market with quantity competition. Our results point to a causal effect

of the RPE-based compensation scheme on quantity decisions: subjects opt for higher

quantities when incentivised by the RPE-based compensation scheme. While this obser-

vation is consistent with the theoretical predictions, our data imply that subjects deviate

from payoff maximisation under both compensation schemes. Specifically, we find strong

evidence that the RPE-based compensation system, in particular, increases the likeli-

hood that subjects sacrifice their payoffs to reduce the competitors’ payoffs (i.e. behave

over -aggressively). Our results suggest that RPE-based remuneration structures, which

are gaining traction in practice, may have unintended behavioural effects and can be

detrimental to the profits of firms that use them.

†Co-written with Werner Bönte. We express our gratitude to the participants of the 25th Colloquium
on Personnel Economics (COPE) and a research seminar at the Schumpeter School of Business and
Economics for their invaluable insights and constructive feedback on our paper.
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2.1 Introduction

Performance-based compensation for managers is ubiquitous in companies today. Gen-

erally, business owners can take two approaches in designing these incentive contracts.

In the first approach, managers are compensated solely based on the absolute perfor-

mance of their company, e.g., based on its profit. In the second approach, the manager’s

remuneration is competitor-oriented and includes metrics of the relative performance of

the manager’s company compared to competitors. While earlier studies concluded that

compensation systems based on relative performance evaluation (RPE) are rare (Murphy,

1999; Aggarwal and Samwick, 1999a) — a fact which has come to be known as the “RPE

Puzzle” — more recent studies suggest that these types of bonus systems have become

significantly more common. According to Feichter et al. (2022), the use of RPE more

than doubled between 2006 and 2019, and Bizjak et al. (2022) report that more than half

of S&P 500 companies currently use some form of RPEs in their executive compensation.

Economic theory provides two main justifications for firm owners to include com-

petitors’ performance in remuneration decisions for their managers. The first theoretical

argument for using RPE in managerial compensation is rooted in the idea that managers’

activities and efforts are often difficult to observe and verify, resulting in asymmetric in-

formation between the owners and their managers. Theoretical studies show that relative

performance evaluations allow for a better assessment of managers’ efforts from the share-

holders’ perspective (Gibbons and Murphy, 1990), can insulate managers’ compensation

from industry-related shocks (Holmstrom, 1979), and enable talent retention (Angelis and

Grinstein, 2019). The second theoretical argument comes from the literature on “strate-

gic delegation” and states that business owners can use RPE-based bonuses to induce

managers to behave more aggressively, thus putting competitors in a disadvantageous

position. Under certain conditions, a firm’s commitment to an RPE-based contract can

increase its profits (Vickers, 1985; Jansen et al., 2008). Despite the widespread use of

RPE in practice and the theoretical arguments in its favour, our knowledge of how this

form of executive compensation affects managerial behaviour is still limited.

This chapter empirically examines how managerial behaviour is affected by RPE-

based payment schemes compared to compensation based on an absolute performance

evaluation (APE). In particular, we argue that remuneration systems based on RPE

may influence managers’ behaviour in ways that have unintended negative consequences

for their companies. For example, Armstrong and Green (2007) find that competitor-

oriented objectives are associated with reduced profitability of firms, providing indirect

empirical evidence of the potentially harmful effects of RPE on firms’ performance using

this form of executive compensation. However, it remains unclear whether the observed

negative correlation between performance and RPE is due to the individual behaviour

of managers incentivised by RPE or other unobserved factors. More specifically, previ-
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ous research has not empirically examined the causal effects of RPE bonus systems on

individual managerial behaviour. This study argues that by rewarding their managers

through an RPE-based compensation system, companies may harm their bottom line

as managers who already compete aggressively on their own may overshoot the mark.

Indeed, existing empirical evidence suggests that managers’ mere knowledge of competi-

tors’ profits is sufficient to trigger aggressive behaviour (Armstrong and Green, 2007).

For example, Armstrong and Collopy (1996) conducted a laboratory study with 1016

subjects and found that 40 per cent of the subjects were willing to sacrifice part of their

company’s profits to beat or harm the competitor when information about the competi-

tor’s profit was provided. Griffith and Rust (1997) present similar results for a prisoner’s

dilemma pricing experiment. Griffith and Rust explicitly instructed and incentivised sub-

jects to maximise profits, yet subjects tended to value relative performance compared to

competitors. Against this background, one can expect the competitor-oriented compen-

sation systems based on the evaluation of relative company performance (RPE) to further

escalate the aggressive behaviour in managers.

To determine the causal effect of RPE-based compensation systems on managerial

behaviour, we conduct an online (lab-in-the-field) experiment. In this experiment, we

use a market game where participants decide which quantities to produce in a Stackel-

berg duopoly. To this end, we use the strategy method (Brandts and Charness, 2011)

to elicit participants’ strategies. Specifically, each subject creates response plans as a

Stackelberg follower by selecting production quantities for possible choices of the Stack-

elberg leader. Subjects make their decisions under both RPE and APE compensation

systems. This design enables us to conduct both within-subject analysis for the entire

sample and between-subject analysis for a subset of subjects with primary exposure to

treatment. Overall, our methodology allows us to identify the causal effect of RPE-based

contracts. To the best of our knowledge, our study is the first experimental study to

focus exclusively on the behavioural implications of RPE-based compensation systems

on managers’ strategies.

We find a positive causal effect of the RPE compensation system on the quantity

chosen by the subjects, implying that this form of incentive leads to more aggressive be-

haviour than the APE compensation scheme. For most subjects, we observe downward-

sloping response curves that are affected by the RPE environment in the manner predicted

by theoretical considerations (Vickers, 1985; Salas Fumas, 1992; Aggarwal and Samwick,

1999b; Jansen et al., 2008). However, our results also suggest that the RPE-based com-

pensation system has a stronger negative effect on own-company profits than the theory

predicts. Even more peculiar, we find a positive causal effect of the RPE compensation

system on the probability of sacrificing own remuneration (and not just profits of one’s

company) to harm competitors.

Studies closest to our work examine the effects of competitor-oriented objectives and
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information on managerial decisions and profitability (Armstrong and Collopy, 1996;

Armstrong and Green, 2007; Griffith and Rust, 1997). In contrast to experimental studies

in this area, which examine how information about competitors’ performance affects man-

agerial decisions, subjects in our experimental design always receive information about

competitors’ profits, and competitors’ profit directly affects the payoff of subjects un-

der the RPE compensation scheme. By varying only the type of contract but not the

information, confounding problems are avoided, which allows us to identify the causal

effect of RPE- and APE-based compensation systems on quantity decisions. In addition,

our experimental design is based on an economic model that allows us to compare the

observed quantities or response curves with the best response curves derived from the

theory, i.e., assuming that managers maximise their compensation.

Our study is also related to experimental studies in the field of “strategic delegation”.

The works in this area are mainly concerned with the perspective of business owners and

their choices of specific managerial compensation schemes1. In these experiments, the

type of manager compensation is an endogenous choice variable; thus, the causal effect of

compensation schemes on the individual behaviour of managers can hardly be analysed

with previous designs. In contrast, we aim to investigate how the managers react to spe-

cific compensation schemes; therefore, the type of compensation scheme is an exogenous

treatment in our experimental setting. Additionally, existing experimental studies in the

field of strategic delegation do not examine managerial compensation schemes based on

RPE but focus on compensation schemes based on APE (like sales)2. Our results align

with some of the findings reported in experiments on strategic delegation, but we extend

existing work by investigating the causal effects of compensation schemes on individual

decision-making.

The remainder of this chapter is organised as follows. Section 2 presents our theoretical

framework and testable hypotheses. Section 3 explains the experimental design and

implementation. Section 4 reports the results, and Section 5 provides a discussion of the

results. Conclusions and suggestions for future research are provided in Section 6.

2.2 Theoretical Framework

The remuneration structure for managers has long evolved beyond fixed salaries, which

by 2014 accounted only for 13 per cent of the total CEO compensation in S&P 500

(Edmans et al., 2017). Currently, managerial compensation consists of various stimuli,

including stocks, options, bonuses and long-term incentive plans. Previously, these stimuli

depended on the length of tenure (the so-called time-vesting). Today, performance-based

vesting and bonuses are significantly more dominant (Bettis et al., 2018). Thus, without

1See Huck et al. (2004a); Georgantźıs et al. (2008); Du et al. (2013)
2The only exception is the work of Georgantźıs et al. (2008). Their work also focuses on the commit-

ment of firm owners to an RPE-based compensation scheme and, thus, suffers from endogeneity problems
with regard to the analyses of managerial decisions.
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going into too much detail about each component of the executive compensation, we can

broadly represent the compensation (Vi) of individual manager i as consisting of a fixed

part (fi) and a bonus (bi) linked to performance:

Vi = fi + bi (2.1)

We distinguish between two types of performance evaluations used to determine the

manager’s bonus, namely the relative performance evaluation (bRPE) and the absolute

performance evaluation (bAPE).

We make two simplifying assumptions to show how these bonus systems affect man-

agerial decisions. First, we only look at two firms competing in a market3. Second, we

assume that the primary metric for performance evaluation is based solely on compa-

nies’ profits4, similar to theoretical approach by Vickers (1985) and Jansen et al. (2008)

and empirical approach by Aggarwal and Samwick (1999a). While the APE-based bonus

focuses exclusively on the profits of the firm for which the manager works (Πi), the

RPE-based bonus also considers the profits of the competing firm j (Πj). The APE and

RPE-based bonuses are given by:

Absolute profit evaluation (APE): bAPE = ωiΠi (2.2)

Relative profit evaluation (RPE): bRPE = αiΠi − γiΠj (2.3)

where αi > 0 and ωi > 0 are the weights, the owner of the firm i assigns to its own

profit and γi > 0 to the profit of the competitor j.

To examine the impact of RPE and APE on quantity choice, we consider a standard

quantity-setting duopoly where the inverse demand is given by:

P (qi, qj) = a− qi − qj,

where a > 0, p is price, and qi is firm i’s output. Firms have symmetric costs given

by C(qi) = cqi. Hence, firm i’s profit is given by:

Πi = (a− qi − qj)qi − cqi

Assuming that the manager’s goal is to maximise their own compensation (Vi), APE- and

RPE-based compensation systems lead to the following two manager response functions:

q∗APE
i (qj) =

a− c

2
−

qj

2
(2.4)

3For interested readers, Jansen et al. (2008) provides a similar analysis for triopolies.
4There are, of course, other metrics, including sales, market share, revenue, and relative shareholder

return. Looking at all of them would be beyond the scope of this chapter.



26 RPEs and Executive Compensation

q∗RPE
i (qj) =

a− c

2
− (1−

γi

αi

)
qj

2
(2.5)

As is evident from Equation 2.2, as long as the weight ωi is positive, the payoff-

maximising manager would choose quantities that also maximise the firm’s profits. In

other words, even a small weight ωi is sufficient to ensure a complete alignment between

the incentives of the owner and the manager. The response function of the manager

is then given by equation 2.4 and is equivalent to the best response function of profit-

maximising firm i (owner).

In contrast, the RPE-based contract leads to a manager’s response function that

deviates from the best response function of the profit-maximising owner. Both αi and

γi parameters affect the manager’s best response function. Figure 2.1 illustrates the

resulting differences in the response functions under the RPE and APE compensation

schemes. The manager’s response function under the RPE contract is downward sloping

if both parameters are positive and if αi exceeds γi (αi > γi > 0). However, the response

curve associated with RPE is flatter, suggesting that the manager will choose quantities

that exceed profit-maximising quantities as long as the competitor produces at least

one unit of output. For larger quantities of the competitor, the deviation increases in

absolute terms5. Therefore, we would expect compensation-maximising managers to

choose larger quantities in the case of RPE-based compensation than in the case of APE-

based compensation, leading to our first hypothesis6.

Hypothesis 1 (H1) Managers’ strategies under RPE-based compensation will contain

higher output quantities than managers’ strategies under APE-based compensation.

Our first hypothesis assumes that managers maximise their compensation; however,

it is also possible that managers deviate from this behaviour as they optimise their own

(unknown) objective functions. Armstrong and Green (2007), for example, provide em-

pirical evidence that managers’ mere knowledge of rivals’ profits is sufficient to trigger

aggressive behaviour, and the results of a laboratory study reported by Armstrong and

Collopy (1996) suggest that subjects were willing to sacrifice a portion of their firm’s

5However, if the owner weights the profit of his firm i and the profit of the competitor equally (αi = γi),
the manager would always choose the monopoly output. If the owner puts an even larger weight on the
competitor’s profit, the slope of the response curve can be positive. Since it is unreasonable to believe
firm owners choose weights in this manner, one can assume that the competitor’s profit is less important
than the company’s own profit (αi > γi > 0).

6Because our focus is on the effects of RPE- and APE-based compensation schemes on managers’ out-
put decisions, we do not address why firm owners might use RPE-based compensation schemes. However,
according to the strategic delegation literature, firms may use RPE to create incentives for managers to
make more aggressive decisions to put competitors in a disadvantageous position (Vickers, 1985; Sklivas,
1987; Jansen et al., 2008). Another reason owners might use RPE-based compensation systems relates to
a firm’s internal perspective and is based on the “informativeness principle” (Holmstrom, 1979), accord-
ing to which RPE-based compensation can be used to solve problems related to asymmetric information
between managers and owners. In this regard, the adverse effects of RPE systems on profits could be an
unintended side effect rather than a conscious decision by owners.
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qi
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APE RPE

Figure 2.1: Manager’s Optimal Response Functions under APE- and RPE-based
Compensation Schemes

profits to beat or harm the competitor when information about the competitor’s profits

was available. Griffith and Rust (1997) find that subjects in a prisoner’s dilemma pricing

experiment tended to base their decisions on a comparison with rivals, even though they

were explicitly instructed and had the incentive to maximise their own firm’s profits.

The theoretical contribution by Miller and Pazgal (2002) explicitly considers that

managers may have different objective functions. They show that profit-maximising firm

owners may exploit managers’ personality traits to force the competitor into a less prof-

itable position. The authors consider two-stage games where profit-maximising owners

select managers with certain attitudes towards relative performance in the first stage;

these managers then compete in a duopoly in the second stage. Miller and Pazgal (2002)

argue that there are different types of managers, which differ in the objective function

they optimise, i.e., how they weigh the profits of their own company compared to the

profits of their competitors. The aggressive type of manager places more emphasis on the

difference between their own company’s profits and their competitors’ profits. In con-

trast, highly cooperative managers may even give positive weight to the profits of their

competitors. Thus, in the theoretical model developed by Miller and Pazgal, business

owners do not commit to a particular compensation scheme to change managers’ response

function; instead, managerial types act as strategic commitment devices that can increase

firm profits.

The model developed by Miller and Pazgal highlights a crucial point: managers can

differ in their aggressiveness, leading them to make decisions that deviate from profit-

maximising behaviour. Despite recognising the existence of diverse types of managers,

the study by Miller and Pazgal (2002) does not investigate the potential interactions

between the objective functions of managers and various performance-based compensa-
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tion schemes. Managers may behave aggressively in APE-based compensation systems,

and an aggressive manager may choose a higher than the profit-maximising production

level on his or her initiative. Arguably, aggressive behaviour would at least persist under

an RPE-based compensation system, but RPE-based compensation could also provide

an incentive for even more aggressive behaviour7. In our framework, the RPE contract

already assumes an elevated level of production quantities; thus, we use the compensation-

maximising quantities as our benchmark for over-aggressive behaviour. Accordingly, we

define any choice above contractually optimal quantity as over-aggressive, as managers

sacrifice their remuneration to damage the profits of the competitor. We expect RPE-

based compensation to act as a signal for a manager to engage in such behaviour. This

leads to our second hypothesis:

Hypothesis 2 (H2) The likelihood that managers will act over-aggressively is higher in

an RPE-based compensation system than in an APE-based one.

Managers’ choice to overproduce under RPE-based contracts should be particularly

concerning for firm owners. On the one hand, any deviation from profit-maximising

behaviour is already detrimental to the firm. On the other hand, due to the quadratic

nature of profits, deviations above the benchmark level of the RPE contracts are even

more costly, as RPE-based compensation already assumes higher quantities. For this

reason, we concentrate specifically on over-aggressive behaviour.

Hypothesis 2 relies on the assumption introduced by Miller and Pazgal (2002) and

explicitly assumes that the negative weight managers place on the competitors’ profit is

constant along the response curve. However, the tendency to engage in over-aggressive

behaviour may also depend on whether the manager’s firm is in a favourable or un-

favourable position relative to the competitor firm. Indeed, findings from behavioural

economics research suggest that envy can be triggered when one receives fewer resources

than a competitor, leading to spiteful behaviour (Wobker, 2014). Fehr and Gächter (1998)

note that individual behaviour can be driven by behindness aversion (aversion to negative

payoff inequality). Therefore, managers whose firms are in a disadvantageous position

might use any means to reduce or compensate for that disadvantage. This practice is

also known as “beating someone at any cost”(Malhotra et al., 2008; Graf-Vlachy, 2021).

In the RPE-based compensation system, some of these costs are already internalised,

making it easier to “beat” the competitor (or at least achieve a more favourable relative

position) than in an APE-based compensation scheme. Against this background, we ex-

pect that RPE-based compensation schemes would intensify spiteful behaviour further

7It is less clear how highly cooperative managers might react to the introduction of an RPE-based
compensation scheme. On the one hand, managers who choose lower than the compensation-maximising
quantities under the APE-based compensation system may choose higher output levels under RPE-based
compensation because cooperative behaviour has a more detrimental effect on their compensation. On
the other hand, cooperative managers may be willing to sacrifice their own compensation to behave
cooperatively.
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than APE-based compensation schemes. In other words, the RPE contracts moderate the

effect of being in a disadvantageous position. Based on these considerations, we formulate

a two-part Hypothesis 3:

Hypothesis 3a (H3a) Managers are more likely to exhibit over-aggressive behaviour

when the manager’s firm is in a disadvantageous position.

Hypothesis 3b (H3b) The RPE compensation scheme has a positive effect on the like-

lihood of over-aggressive behaviour by a manager, particularly if the manager’s firm is in

an unfavourable position.

2.3 Experimental Design

Testing Hypotheses 1-3 requires individual response functions, which is problematic un-

der the simultaneous move framework. For this reason, we use Stackelberg (1934) model,

which features sequential decision-making8 in a quantity-setting environment. Further-

more, we opt for the strategy method (Brandts and Charness, 2011), where we ask the

participants to create response plans for possible choices of the leader. This approach has

clear advantages over using repeated sequential interactions. In the latter, we would only

observe follower behaviour for a subset of the leader choices, leading to identification and

categorisation issues (Müller and Tan, 2011).

Thus, we can summarise the experiment in the following way. After participants

become familiar with the market environment, they are randomly assigned to either the

APE or RPE compensation scheme and create a response plan for different leader choices

(between-subject design). In the next step, each participant also creates a response plan

for the bonus system to which the participant was not assigned in the first round (within-

subject design). These measurements produce two response functions for each subject

(which are the main objective of our design). Then, participants submit two quantities as

the leader firm (against each type of contract of the follower). After the decision-making

phases are completed, the participants are brought together. The roles (leader or follower

in the Stackelberg setting) and type of contract of the followers (APE or RPE) are chosen

randomly. Then one participant’s response plan is matched against the leader quantity

of the other, and both participants receive their respective payoff.

The rest of this Section provides explicit details about the experimental market envi-

ronment (Section 2.3.1), instructions and materials (Section 2.3.2) and sample informa-

tion (Section 2.3.3).

2.3.1 Experimental Market

First, we summarise the specific market environment based on the framework outlined

in Section 2.2. For our experiment, we have used a = 80, c = 0 and f = 100 as values

8For the comparison between Stackelberg and Cournot games, see Huck et al. (2001).
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for our parameters, and ω = 1, α = 1.33 and γ = 0.33 as the weights for compensation

decisions. The market is characterised by Stackelberg competition, where the leader firm

moves first, and then the follower firm moves second.

The inverse demand function is given by:

P (ql, qf ) = 80− ql − qf

where the subscript l represents the leader and f the follower. The profits of both

firms are given by

πi = (80− qi − qj) ∗ qi, i=l,f

In both firms, only the manager decides on the quantity. The firm l chooses the

quantity first, and firm f replies using a pre-constructed response plan. In the case of

a bonus scheme based on the APE, it depends exclusively on the profits of the follower

firm:

vapef =

πf + 100 πf > 0

0 otherwise
(2.6)

In the case of the RPE bonus scheme, the reward of the manager of the follower firm

depends on the profits of both firms:

vrpef =

πf + 100 + 0.33 ∗ (πf − πl) vrpef > 0

0 otherwise
(2.7)

The subgame-perfect equilibrium suggests that for each possible level of output ql of

the leader, the follower would respond by maximising vapef (ql) or v
rpe
f (ql). Therefore, the

best-response functions for follower for the two bonus schemes are

qapef (ql) = 40− 0.5 ql (2.8)

qrpef (ql) = 40− 0.376 ql (2.9)

Creating a best-response plan for every possible leader choice is not feasible in the

context of our experiment. Therefore, we restrict the possible action domain of the leader

to a discretised set of the Stackelberg game with ql ∈ {1, 7, 14, 20, 27, 33, 40, 48, 56}. The
action space of the follower firm (qf ) is only restricted to integers in the range [0, 80].

The manager of the leader firm will receive compensation based on the APE contract.

Since the manager of the leader firm knows what type of compensation the manager of

the follower firm will receive, it is optimal in terms of maximising his own compensation

to commit to a quantity of 40 if the manager of the follower firm is paid under the APE
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contract and 33 if it is under the RPE contract9.

2.3.2 Materials and Procedures

The instructions have presented the above market conditions to the participants using

non-neutral language, for example, referring to “firms,” “managers,” “products,” and

“profits”. This approach is favoured in the experimental IO literature10 and is supported

by methodological surveys (Alekseev et al., 2017). The introduction page also included a

description of a profit calculator that showed profits resulting from any given combination

of the quantities. The use of the profit calculator is not a novel idea11, but since the

strategy space of the experiment is relatively large, we have modified the profit calculator

with “sliders” that show profits in real-time. Thus, instead of manually typing the number

each time, participants could change the slider’s position and see the immediate change

in the payoffs both for themselves and their opponents (See Appendix 2.D for an example

and complete instructions). This calculator was available to participants throughout the

entire experiment.

To ensure that participants understood the environment and how the sliders work,

they were given three control questions about possible situations under the described

market conditions. These questions could only be answered using a calculator and were

the same for all participants. Participants were only allowed to proceed if they answered

all questions correctly.

After the introduction to the environment, participants received information about

the decision stages, which included details about payments and matching procedures.

The experiment used an experimental point (EP) as a currency with an exchange rate of

100 EP=1 GBP (British Pound).

Throughout the decision stages, participants were asked to first assume the role of

manager of firm B (the follower firm) and then firm A (the leader firm). Completing

the stages as firm B’s manager required subjects to submit a “response plan” for every

possible node in the strategy space of the leader. The starting condition (either APE or

RPE) was chosen randomly to control for potential order effects.

After the participants completed the response plans of followers for both types of

contracts, they made two decisions as managers of firm A. Even though the main objective

of the design is to elicit the response functions of the follower, collecting the choices for the

leaders shows whether participants anticipate the strategies of the followers and adjust

their choices accordingly. Since the leader’s choice is made after completing follower

decision stages and there is no control for order effects, these data points are not a

9The exact best response is 2660
83 ≈ 32, but due to discretised action set, the closest is 33.

10For examples, see Müller and Tan (2011), or Du et al. (2013).
11For example, Du et al. (2013) also use a calculator, and Requate and Waichman (2011) demon-

strate that experimental results in duopoly market games are not significantly different between payoff
calculator and payoff table.
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reliable metric.

By the end of the experiment, each participant submitted 20 data points: 9 for each

type of contract as the manager of a follower firm and 2 decisions as the manager of a

leader firm against two types of contracts.

2.3.3 Experimental Sample

To test our hypotheses, we employ a lab-in-the-field experiment conducted online in 6

sessions between September 2021 and January 2022. The participants were recruited

via Prolific.ac (Palan and Schitter, 2018), and the interface has been programmed using

LIONESS platform (Giamattei et al., 2020), along with standard tools for website design

(HTML, CSS and JavaScript). To minimise cultural differences between participants, we

have restricted the experiment to participants from the United Kingdom, the US and

Ireland. A total of 330 people participated in the experiment. However, due to strict

data quality policy, this number has been reduced to 19712. Although online experi-

ments are now relatively widespread and accepted in experimental economics and were

almost inevitable under COVID-19 constraints, they also present some challenges from

a methodological perspective. In Appendix 2.B, we briefly describe these challenges and

explore their implications for our experimental design.

On average, participants completed the experiment in 25 minutes and received an

amount of £7, depending on the decisions made in the experiment, and £2.2 as participa-

tion compensation. Column 1 in Table 2.A.1 provides complete demographic information

about our sample (see Appendix 2.A).

2.4 Experimental Results

We illustrate our main results with Figure 2.2, which shows the average observed response

plans for the two treatments, i.e., the APE and the RPE-based compensation schemes.

The 95 % confidence intervals for the means are also reported. The linear response

curves (dashed lines) derived under the assumption of compensation maximisation serve

as reference points for both compensation schemes. This graph highlights three initial

findings. First, observed quantities are higher when subjects make their decisions under

the RPE-based compensation scheme than under the APE-based compensation scheme,

particularly for larger quantities of the leader, providing prima facie support for Hy-

pothesis 1. Second, the average quantities chosen by the subjects in both compensation

schemes tend to deviate from the compensation-maximising amounts. These deviations

are particularly significant for large and small quantities of the competitor. Third, the

observed average response plans show flatter response curves than the respective the-

oretically predicted linear “optimal” response curves derived under the assumption of

compensation maximisation.

1263 subjects have not completed the experiment, 67 subjects have failed the attention checks, and
three subjects made choices outside the allowed strategy space.
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Figure 2.2: Optimal and Observed Average Response Functions

Furthermore, the observed response curves intersect the theoretical response curves,

suggesting that subjects opt for higher-than-optimal production levels when the competi-

tor chooses larger quantities. In contrast, the observed production quantities are below

the “optimal” levels when the competitor’s quantities are low. These observations pro-

vide initial empirical support for our Hypotheses 2 and 3. We now turn to more formal

statistical tests of our hypotheses.

Hypothesis 1

Although Figure 2.2 already provides compelling evidence in favour of Hypothesis 1,

for the sake of completeness, we also provide results of a regression analysis. Based

on individual response plans and the corresponding competitor (leader) quantities, we

estimate the causal effect of the RPE treatment on the quantities chosen by the follower.

To this end, we employ the following econometric model:

Qfji = α0 + α1Qlj + α2(Qlj ×RPEji) + uji

where Qfji are the observed quantities chosen by subject i (i=1,...n) in response to

the leader quantity Qlj, where j represents the nine quantities of the leader (j=1,...,9)

for which the subjects made their response plan. RPE represents a dummy variable that

takes the value one if the choice is made under the RPE compensation scheme and is

zero otherwise. The error term is uji. The second term is the interaction between leader

quantity and RPE, i.e., the treatment. Our theoretical considerations suggest that the
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sign of the estimated value of parameter α1 is negative, implying a downward-sloping

best-response curve, and according to Hypothesis 1, the sign of the estimated value of

parameter α2 is positive.

Table 2.1: Estimated Linear Response Functions of Followers

Model 1 Model 2 Model 3

Intercept 34.235*** 34.235*** 33.443***
(0.947) (0.947) (1.014)

Ql −0.202*** −0.253*** −0.232***
(0.029) (0.031) (0.032)

RPE ×Ql 0.101*** 0.060**
(0.010) (0.021)

RPE 1.585*
(0.771)

Num.Obs. 3546 3546 3546
R2 0.096 0.117 0.118

Notes: Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001. Cluster-robust standard
errors are in parentheses.

Table 2.1 reports coefficients obtained from OLS regressions and robust errors clus-

tered at the individual level13. To set the scene, we first present the results of a regression

where we assume that the contract based on RPE does not affect subjects’ response plans

differently than the contract based on APE (Model 1). As theoretically expected, the

estimated value of parameter α1 is negative, implying that the average response curve is

downward-sloping. Moreover, the estimated coefficient is statistically significant at the

one per cent level. Next, we allow for differences in the effects of APE- and RPE-based

compensation schemes on subjects’ response plans. As hypothesised, the coefficient α1 is

negative in Model 2, implying that the average response function is downward-sloping for

the APE contract. The estimate of parameter α2 is positive and statistically significant

at the one per cent level, indicating that the RPE environment results in relatively higher

quantities than APE contracts, i.e. the causal effect of RPE is positive. According to

our theoretical considerations (Eq. 2.8 and 2.9), the RPE contract should only affect the

slope of the best response curve and not shift it. Nevertheless, we also run a model that

allows for a change in intercept (Model 3). In the latter case, the total causal effect of

the treatment RPE on the subjects’ response plans is given by the main effect of RPE

plus the interaction with leader quantity (1.585+0.060Qlj). While the main effect of the

RPE contract, i.e., the estimated value of the parameter of the RPE dummy variable, is

positive, it is only statistically significant at the five per cent level. The estimated effect

of the interaction term is still positive, although the estimated value is somewhat lower.

13We employ cluster-robust standard errors to account for autocorrelation induced by multi-level data.
Although there are some arguments in favour of using linear mixed-effects models due to the nested
structure of the data (9 observations per contract per participant), the number of clusters is sufficient
to have a consistent estimate for the standard errors. See Oshchepkov and Shirokanova (2020) for a
discussion.
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Thus, despite the observed response functions being different from theoretical predictions,

our results strongly support Hypothesis 1.

Hypotheses 2-3

While the above approach is a straightforward way to verify whether the RPE environ-

ment elicits higher quantities, it fails to consider the implied differences in compensation-

maximising (optimal) behaviour under each contract. Accordingly, even if the choices

under RPE are higher than under APE, it does not mean that participants are overly

aggressive towards their opponent (as is the case for low quantities of the leader in Figure

2.2). Thus, to illustrate these different strategies, we introduce Figure 2.3, which presents

the distribution of each type of behaviour for every possible output of the leader. We cat-

egorise “over-aggressive behaviour” (“above optimal”) as any choice Qfji which exceeds

the payoff-maximising quantity for the respective choice of the leader firm (Qlj) by more

than 1 unit (to allow for the discretisation of payoffs), “optimal” as any choice within

1 unit interval above or below payoff-maximising quantity, and “below optimal” other-

wise. Two patterns emerge. First, overly aggressive behaviour seems to be more frequent

in general under the RPE compensation scheme supporting our Hypothesis 2. Second,

under both contracts, subjects exhibit a greater tendency for over-aggressive behaviour

(“above optimal”) when the leader puts them in a disadvantageous position, supporting

our Hypothesis 3a. However, the potentially moderating effect of the RPE compensation

scheme, suggested by Hypothesis 3b, is less clear.

Figure 2.3: Observed Behaviour for Different Leader Quantities



36 RPEs and Executive Compensation

For the statistical tests of Hypotheses 2-3, we analyse the probability of observing

over-aggressive behaviour. Formally, Yji is a binary variable that takes the value one if

a participant i’s response to a leader quantity j is over-aggressive (“above optimal”) and

is zero otherwise. We use the following econometric specification of a logistic model for

our regression analysis:

ln
P (Yji = 1)

1− P (Yji = 1)
= β0 + β1RPEji + β3Behindj + β4Behindj ×RPEji + η0i

where P (Yji = 1) is the probability that participant i’s response is over-aggressive

(Yji = 1), RPE is the dummy to represent the RPE contract, and Behindj is a di-

chotomous variable taking the value one if the leader quantity j is above the threshold

for a disadvantageous position. Our approach in establishing this threshold is similar to

Lau and Leung (2010). Intuitively, if the optimal choice of the follower in response to

leader quantity j results in a higher payoff for the follower, then the follower is in an

advantageous position. Thus, Behindj takes the value zero for all responses to leader

choices j below 27 (33) for the APE (RPE) compensation scheme and is one otherwise.

We accommodate the panel structure of our data by including a random intercept (η0i)

in our analysis (Gelman and Hill, 2006, 301). Logistic regressions were run in R with

lme4 package(Bates et al., 2015).

We report the results of the above analysis along with two reduced-form logistic

regressions in Table 2.2 along with simple linear probability models14 (Table 2.2: LPM 1-

3) for the convenience of the reader. The coefficients obtained from the linear probability

models reflect the marginal effects on the probability of the occurrence of over-aggressive

behaviour and are therefore useful to illustrate the marginal effects, although strictly

speaking, they are not entirely correct (see Beck (2019)).

The coefficient estimate of β1 is positive and statistically significant at the 0.1 per

cent level (p<0.001) in all of our logit models (RE Logit 1-3), indicating the RPE con-

tract increases the log-odds ratio of observing quantities above payoff-maximising values.

Thus, we can infer that the RPE environment increases the tendency to engage in overly

aggressive behaviour, providing strong support for Hypothesis 2. The coefficient estimate

of β2 is also positive and statistically significant (p<0.001), implying that being in a dis-

advantageous position encourages over-aggressive behaviour under both contracts (Hyp.

3a). The coefficient for the interaction term is not statistically significant at conventional

significance levels (RE Logit 3). In fact, omitting the interaction term improves most

model specifications we estimate, suggesting that we cannot confirm Hypothesis 3b that

RPE environment has a stronger effect on the likelihood of over-aggressive behaviour if a

14Throughout the chapter, linear probability models are estimated with OLS regression. Reported
errors are cluster-robust. See Pustejovsky and Tipton (2017) for methodology.
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Table 2.2: Determinants of the Probability of Over-aggressive Behaviour: Logistic
Regressions and Linear Probability Models

RE Logit 1 LPM 1 RE Logit 2 LPM 2 RE Logit 3 LPM 3

RPE 0.478*** 0.069*** 0.845*** 0.099*** 0.893*** 0.080***
(0.087) (0.020) (0.100) (0.020) (0.163) (0.020)

Behind 2.194*** 0.269*** 2.238*** 0.251***
(0.111) (0.026) (0.161) (0.028)

RPE ×Behind −0.078 0.037
(0.205) (0.028)

Intercept −1.728*** 0.245*** −3.318*** 0.095*** −3.347*** 0.105***
(0.145) (0.020) (0.195) (0.019) (0.211) (0.017)

Num.Obs. 3546 3546 3546 3546 3546 3546
AIC 3491.7 4363.1 3015.8 4032.6 3017.7 4033.0
BIC 3510.3 4381.6 3040.5 4057.3 3048.5 4063.9

Notes: Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001.
Logistic regressions (RE Logit 1-3): Coefficients are in log-odds for intercept and log-odds ratios for
predictors. Linear Probability models (LPM 1-3): Dependent variable Pr(Yij = 1). Coefficients are
in the marginal probabilities. Cluster-robust standard errors (for LPMs) are in parentheses.

participant is in an unfavourable position. These results are confirmed by the estimates

obtained from the linear probability models. Furthermore, the estimated marginal effects

show that RPE contracts increase the likelihood of observing over-aggressive behaviour

by almost ten percentage points. The marginal effect of an unfavourable position is even

stronger, leading to an increase in the probability of over-aggressive behaviour by more

than 25 percentage points.

Robustness Checks

As with any experiment, it is inevitable to make certain decisions regarding the exper-

imental design and the type of empirical analysis of the data. Therefore, to check the

robustness of our results, we perform some additional analyses. The results of these addi-

tional analyses are presented in Appendix 2.C. Because we used a within-subjects design

in which subjects had to make decisions related to both APE-based compensation and

RPE-based compensation, it could matter whether they received one form of compensa-

tion first and then the other, or vice versa. In other words, there may be concerns about

potential order effects. For example, Huck and Wallace (2002) provide some evidence of

aspiration effects: once subjects have experienced symmetric payoffs, they are not easily

forced into an unfavourable position. These aspiration effects could affect the participants

who start with the APE condition. We address this issue in two ways. First, we run our

previous analyses while controlling for order effects. The resulting tables 2.C.1-2.C.3

show that the order variable is not statistically significant and does not improve the fit

of either of our models.

Second, we run the same analyses only for the sub-sample of observations with the
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first exposure to either APE or RPE (i.e. employing a strict between-subject compar-

ison). While we lose some statistical power due to fewer observations, we still observe

a significantly higher tendency to engage in overly aggressive behaviour under the RPE

contract (Appendix 2.C - Table 2.C.4).

Furthermore, in our tests for Hypotheses 2-3, we account for the nested structure

of the data by only incorporating random intercepts in our models. Including subject-

specific random effects in a model is generally recommended for the inferences about

individual responses (Lee and Nelder, 2004), which is our primary research objective. As

an additional robustness check, we also run generalised linear mixed models (see Rabe-

Hesketh et al. (2000)) with random slopes for contracts and “behindness” on individual

level15. While these model specifications do not change the significance or quality of the

above conclusions, they slightly increase the magnitude of the predicted effect of the RPE

environment. We present the results in Table 2.C.5 as part of the Appendix 2.C.

Figure 2.4: Observed Average Responses for Groups of Subjects with Positively and
Negatively Sloped Response Curves

Finally, we consider the heterogeneity in our data in terms of the slope of the individual

response curves, which we can identify by the strategy method. To this end, we estimate

individual linear response functions. Based on our estimates of the αi1 parameter for

each subject, we are able to identify three groups of participants. Consistent with our

theoretical considerations, we find negatively sloped response curves for 141 participants.

However, there are also 39 participants with positively sloped response curves and for 17

participants we find a random pattern (see Appendix 2.A, Table 3.A.1 for the demographic

details of each group).

Figure 2.4 shows the average individual response curve estimates for the groups of

15Following the advice by Sommet and Morselli (2017).
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participants with negatively and positively sloped best-response curves. Not surprisingly,

the chosen quantities are considerably closer to the theoretical predictions for the group of

participants with negatively sloped response curves than for the other group. However,

even for these 141 participants, our estimates show that RPE compensation increases

the probability that subjects act over-aggressively (see Table 2.C.6, Appendix 2.C). This

robustness check provides additional empirical support for Hypothesis 2. Moreover, the

estimated coefficient of the interaction term is now statistically significant (p<0.01).

Thus, for this group of subjects, we find empirical evidence that the RPE reward system

has a stronger positive effect on the probability of over-aggressive behaviour when the

subject’s company is in an unfavourable position (Hyp. 3b).

Our estimates suggest that 20 per cent of subjects have a positively sloped best

response curve, which could be explained by a strong preference for fairness in this group

of subjects. Choosing the same quantity as the Stackelberg leader in their response plans

ensures that, with APE compensation, both the leader and the follower receive the same

payoffs16. This explanation is also supported by the fact that we find little difference

between the average response curves for APE and RPE contracts in this group.

2.5 Discussion

In this study, we conduct an online lab-in-the-field experiment to investigate how manage-

rial behaviour is affected by RPE-based compensation compared to APE-based compen-

sation. More specifically, we examine the causal effect of the RPE compensation scheme

on followers’ strategies in a Stackelberg duopoly market. The results of our experiment

confirm our first hypothesis that managers’ responses under the RPE environment con-

tain higher output quantities than under the APE environment. In other words, subjects

in our experiment make more “aggressive” quantity choices under the RPE contract.

While our study focuses exclusively on the managers’ perspective and not on business

owners’ decisions regarding the nature of managerial compensation systems according

to the literature on strategic delegation, more aggressive managerial behaviour induced

by the RPE environment is the primary justification for the use of competitor-oriented

incentives (Vickers, 1985; Salas Fumas, 1992).

However, our results suggest that the average response curves for both APE- and

RPE-based contracts are significantly flatter than predicted under the compensation max-

imisation assumption. This observation suggests that participants in our experiment tend

to maximise individual (unknown) objective functions. Previous studies of experimental

markets (e.g., Müller and Tan (2011); Huck and Wallace (2002)) have reported similar

findings for APE-type contracts (i.e. the incentives tied only to the own profit of the

16Initially, we have assumed that choosing the same quantity could be the least mentally taxing strategy
for participants. Although this conjecture may still be true for some subjects, several participants
voluntarily messaged us to describe their strategy as specifically based on fairness.
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company). Our results show that this is also the case for RPE-type contracts.

Our results also confirm our second hypothesis. While we find significant deviations

from compensation maximisation in both APE and RPE contracts, our results suggest

that RPE-based compensation, in particular, encourages over-aggressive behaviour, as

we observe an increased tendency to sacrifice one’s own compensation in order to impair

the performance of the competing firm.

Finally, our third hypothesis, that managers are more willing to engage in over-

aggressive behaviour when the manager’s firm is in a disadvantageous position and that

an RPE-based compensation system amplifies this effect, is only partially confirmed by

our data. We find that participants are more willing to choose a high output level and

thus sacrifice their compensation when their firm’s profits are lower than those of the

competing firm. This behaviour could be explained by participants’ behindness aver-

sion. Similar conclusions are presented by Müller and Tan (2011) and Cardella and Chiu

(2012), who show the presence of spiteful behaviour under the APE setting both for

individuals and groups. However, in contrast to previous studies, our results show that

this behaviour persists under the RPE system, and, furthermore, our results can be inter-

preted as causal effects. The second part of our third hypothesis, that the strength of this

effect depends on the type of compensation system, is only partially confirmed. While

we do not find a statistically significant interaction effect in the overall sample, we do

find empirical evidence for our hypothesis in the group of subjects with negatively sloped

response curves (72 per cent of subjects), confirming that RPE increases the likelihood

of over-aggressive behaviour, at least in this group.

In summary, our results suggest that RPE-based compensation influences subjects’

decisions in a way that leads to very aggressive quantity decisions. This behaviour has a

significant negative impact on firm profits and the subjects’ compensation. Although our

experiment focuses on identifying the causal effects of RPE- vs APE-based compensation

schemes on managerial decision-making, our results also contribute to the literature on

strategic delegation (Vickers, 1985; Jansen et al., 2008) and the literature on the effects

of competitor-oriented objectives on firm performance (Armstrong and Collopy, 1996;

Armstrong and Green, 2007; Griffith and Rust, 1997). According to our results, using

RPE-based compensation systems as a strategic commitment device could backfire be-

cause aggressive managers could choose extreme output levels that reduce their firm’s

profits beyond what owners might expect. Aggressive managers may even perceive RPE-

based compensation systems as a signal from the owner that their aggressive behaviour

is desirable. In this case, business owners would essentially be adding fuel to the fire.

Our results may thus explain the observation that competitor-oriented objectives are

associated with reduced profitability of firms (Armstrong and Green, 2007).

While our study has links to previous experimental studies in the field of strategic

delegation, it differs from those studies in two respects. First, we investigate the impact
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of an RPE-based compensation scheme. Previous studies examined other remuneration

schemes, such as a sales bonus in a Cournot duopoly (Huck et al., 2004a) or a revenue

bonus in a mixed duopoly (Du et al., 2013). Second, we also use a different experimental

design. We focus on the effects of compensation systems on managers’ decisions, whereas

previous studies on strategic delegation focused on firm owners’ decisions. Methodologi-

cally, this means that our results can be interpreted causally since the assignment of the

subjects to the two compensation systems is exogenous (randomised). In contrast, in

previous studies, subjects (firm owners) determined the compensation system for other

subjects (managers). As the choice of compensation schemes is endogenous, the effects

on managerial behaviour observed in these studies cannot be interpreted causally.

Moreover, our study also contributes to the literature dealing with the link between ex-

ecutive compensation based on RPE and incentives to engage in costly sabotage (Harbring

and Irlenbusch (2011); Harbring et al. (2007)). While most of this literature addresses

RPE and sabotage within firms, RPE-based compensation systems can also incentivise

costly sabotage against other firms. For example, Bloomfield et al. (2023)[p.2] note that

“in the context of CEO compensation, costly sabotage would likely take the form of

overly aggressive product market strategies, such as sub-optimally low prices, extreme

output volumes, or excessive advertising spending”. The authors argue that such actions

harm the value of companies making use of RPE-based compensation schemes and may

explain the “RPE puzzle,” i.e., the reluctance of firm owners to use RPE as a basis for

CEO compensation. By using firm-level data, Bloomfield et al. (2023) provide quasi-

experimental evidence for a causal influence of cartel membership on the likelihood of

using RPE in CEO compensation, particularly in concentrated markets. Their findings

present some indirect evidence for a relationship between RPE and inter-firm sabotage

as “cartel membership substantially diminishes the potential for RPE to induce costly

sabotage, thereby enhancing the net benefits of its use”(Bloomfield et al., 2023, p.2)17.

However, these results do not provide direct evidence of a causal effect of RPE-based

compensation schemes on managerial decision-making, as firm-level data do not allow for

an investigation of such effects. In contrast, our experimental framework allows us to

identify the causal effect of compensation schemes on individual management decisions.

Furthermore, unlike field firm-level data, in our experiment, all relevant data are perfectly

observable, making it easier to detect cases of costly sabotage, i.e., whether subjects make

decisions that harm not only their competitors but also their own firm’s profits and their

own remuneration.

Our findings are also relevant to practitioners because they point to unintended side

effects of RPE-based compensation systems. Our results suggest that RPE-based com-

pensation systems may affect managerial behaviour in ways not intended by those who

17Further indirect evidence for the sabotage hypothesis is provided by Feichter et al. (2022) and
Bloomfield et al. (2021).
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implement them. While there might be good theoretical reasons to utilise RPE-based

compensation schemes, they tend to amplify the managers’ tendency to engage in over-

aggressive behaviour. Managers already make aggressive decisions without being incen-

tivised by competitor-oriented compensation schemes (Armstrong and Collopy, 1996).

The results of our study imply that decisions under RPEs would result in even more

significant deviations from profit-maximising behaviour. Therefore, before introducing

RPE-based executive compensation, business owners should consider its potentially un-

desirable side effects.

Moreover, our evidence of over-aggressive behaviour in both APE and RPE contracts

may cast doubt on the effectiveness of RPE-based compensation systems as a strategic

commitment device. Even managers incentivised by an APE-based compensation system

exhibit over-aggressive behaviour when they are in a disadvantageous position. However,

this behaviour counteracts the mechanism that makes RPE-based bonuses attractive from

a strategic delegation perspective.

Our results could also be relevant for competition policy. Our findings imply that

the introduction of RPE-based compensation schemes improves allocative efficiency, as

managers would choose higher output levels because of RPE-based compensation. In

oligopoly markets, this would lead to falling prices and, thus, higher consumer surplus.

In this respect, antitrust authorities might be sympathetic to the introduction of such

compensation schemes. Furthermore, it could be conjectured that RPE-based contracts

could also have an impact on the likelihood of collusive behaviour. However, further

research is needed to investigate this.

As with all experimental studies, there are some potentially critical issues with our

methodology. We use a specific framework of a game with sequential moves (Stackelberg

market). An alternative approach would be to study managerial decisions in a simultane-

ous game. A repeated game with simultaneous moves would provide better opportunities

for subjects to punish other subjects for their choices. As pointed out by Brandts and

Charness (2011), the extent of punishment could be substantially lower in the strategy

method. However, assuming that RPE-based compensation systems influence punish-

ment behaviour, our measurement of the effects of RPE-based compensation tends to

represent the lower bound of what one can expect in games with simultaneous moves.

Moreover, games with simultaneous moves provide further difficulties in eliciting entire

strategies and categorising the managers’ responses (Müller and Tan, 2011). Therefore,

we believe that the strategy method is particularly well suited to analyse the effects of

compensation systems on managers’ strategic decisions.

Another potential criticism of our approach is the use of the ”lab-in-the-field” method

in the form of an online experiment. While online experiments offer new research op-

portunities and are becoming increasingly popular, they also carry the risk of reduced

control and pose methodological challenges, especially in interactive designs. However,
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Arechar et al. (2018) report that behavioural patterns of cooperation and punishment in

the laboratory are replicable online. Thus, we are convinced that our online experiment

provides valid results and is a good alternative to a laboratory experiment, especially in

times of pandemics. Nevertheless, we are aware of the various challenges associated with

conducting an online experiment and discuss them in Appendix 2.B.

Finally, the question arises whether it is possible to learn something about the be-

haviour of managers in the real world from the behaviour of the subjects in our online

experiment. One may question whether our experimental environment is the appropriate

testing ground for our hypotheses. We claim that it is, since subjects in our market

experiment act as managers who are paid based on their decisions. Beyond that, fol-

lowing the idea of a modified experimental claim by Bardsley (2010), we argue that our

experimental environment is in the test domain of the theory unless there is a difference

between our experimental environment and the intended domain that can reasonably be

expected to make behaviour in the intended domain significantly more consistent with

the theory. The question arises whether the subjects in our sample are suitable to test

our hypotheses regarding the decision-making of managers incentivised by different types

of compensation schemes. Unlike most market experiments whose participants are stu-

dents, we employ a general population sample. Although our sample selection addresses

the usual criticism of using students as subjects, we still need to consider the possibil-

ity that the behaviour of managers in the real world may differ from the behaviour of

subjects in our general population sample. In other words, managers in the real world

might exhibit less aggressive behaviour, i.e., they would tend to choose lower quantities.

Armstrong and Collopy (1996), however, show that the tendency to engage in aggressive

behaviour is increasing with management education. In addition, recent studies suggest

that more competitive individuals are more likely to move into high-level professional

or managerial positions (Buser et al., 2021; Urbig et al., 2019). Lastly, reports of the

behavioural evaluations of upper management point out the prevalence of narcissistic

traits among CEOs that are associated with more antagonistic behaviour (Cragun et al.,

2019). In conclusion, existing evidence suggests that real-world managers tend to be more

aggressive rather than less aggressive compared to the general population.

2.6 Conclusion

The increasing use of RPE-based compensation systems as the basis for executive com-

pensation by organisations, such as the S&P 500 companies, stands in stark contrast to

the knowledge of the potential impact of this type of compensation on the behaviour

of managers. Although previous research provides some empirical evidence of possible

negative effects on the profits of companies that use RPE-based compensation schemes,

it has not yet been proven whether this is due to the causal effects of these compensation

schemes on executive behaviour.
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The results of our experiment show a causal effect of RPE-based compensation schemes

on executive behaviour. While the results of our market experiment are consistent with

the theoretical predictions based on payoff maximisation, i.e. the RPE-based compen-

sation scheme results in higher quantities than the APE-based compensation scheme in

quantity competition, we also find evidence that subjects are more likely to sacrifice

their own compensation to reduce a competitor’s profits, particularly in an RPE-based

compensation system. Our results suggest that business owners deciding whether to im-

plement RPE-based compensation systems in their organisations should also consider

their potentially undesirable effects on managerial behaviour.

We see our experiment as a solid starting point for future research on the causal ef-

fects of RPE-based compensation schemes on managers’ decision-making behaviour. One

possibility for fruitful future research is to analyse other types of oligopoly markets where

the nature of competition is different, i.e. price competition versus quantity competition,

the number of firms in the market or simultaneous move games. Furthermore, it could be

investigated whether the over-aggressive behaviour observed in our experiment is related

to the subjects’ unobserved preferences, e.g., social orientation.
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Appendix 2.A: Tables

Table 2.A.1: Demographics: Overall Sample and Subsamples

Characteristic Overall Downward

slope

Random

slope

Upward

Slope

N = 197 N = 141 N = 17 N = 39

Gender

Female 121 (61%) 80 (57%) 11 (65%) 30 (77%)

Male 75 (38%) 61 (43%) 5 (29%) 9 (23%)

No Data 1 (0.5%) 0 (0%) 1 (5.9%) 0 (0%)

Country

Ireland 14 (7.1%) 9 (6.4%) 1 (5.9%) 4 (10%)

United Kingdom 171 (87%) 125 (89%) 14 (82%) 32 (82%)

United States 12 (6.1%) 7 (5.0%) 2 (12%) 3 (7.7%)

Level of Education

Doctorate degree 4 (2.0%) 3 (2.1%) 0 (0%) 1 (2.6%)

Graduate degree 34 (17%) 25 (18%) 4 (24%) 5 (13%)

High school diploma 30 (15%) 21 (15%) 4 (24%) 5 (13%)

No Data 32 (16%) 24 (17%) 2 (12%) 6 (15%)

Technical college 15 (7.6%) 10 (7.1%) 2 (12%) 3 (7.7%)

Undergraduate degree 82 (42%) 58 (41%) 5 (29%) 19 (49%)

Student

No 115 (58%) 80 (57%) 13 (76%) 22 (56%)

No Data 34 (17%) 25 (18%) 2 (12%) 7 (18%)

Yes 48 (24%) 36 (26%) 2 (12%) 10 (26%)

AGE 31 (25, 41) 31 (24, 41) 33 (24, 42) 31 (28, 37)

EmploymentStatus

Due to start a new job 2 (1.0%) 1 (0.7%) 0 (0%) 1 (2.6%)

Full-Time 76 (39%) 52 (37%) 10 (59%) 14 (36%)

No Data 34 (17%) 27 (19%) 1 (5.9%) 6 (15%)

Not in paid work 20 (10%) 14 (9.9%) 1 (5.9%) 5 (13%)

Other 13 (6.6%) 11 (7.8%) 0 (0%) 2 (5.1%)

Part-Time 30 (15%) 21 (15%) 2 (12%) 7 (18%)

Unemployed (and job

seeking)

22 (11%) 15 (11%) 3 (18%) 4 (10%)

TimeTaken 25 (17, 34) 27 (18, 35) 24 (15, 34) 20 (16, 28)

Bonus 7.00 (4.99,

8.13)

7.00 (4.99,

8.29)

7.21 (5.34,

7.62)

7.00 (4.22,

7.85)
1 n (%); Median (IQR)
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Appendix 2.B: Challenges of Running Online Exper-

iment

The interface has been programmed using LIONESS platform (Giamattei et al., 2020)

along with standard tools for website design (HTML, CSS and JavaScript). The partic-

ipants were recruited via Prolific.ac (Palan and Schitter, 2018). Although online exper-

iments are becoming more acceptable in experimental economics18 and seem inevitable

during the COVID-19 restrictions, they also pose considerable challenges from a method-

ological perspective. This subsection briefly describes these challenges and explores their

implications for the experimental design.

The largest challenge is data quality. Although Prolific is a generally well-rated plat-

form for behavioural research19, we have implemented additional checks to decrease the

risks of inattentive respondents. These attention checks were in line with Prolific’s guide-

lines (for examples, see Appendix 2.D and respective decision stages) and were included

in the decision stages. All participants who had failed attention checks were not allowed

to proceed to the matching stage and were excluded from the analysis. This measure has

decreased the number of observations from 267 to 200.

The second challenge is time constraints. Long experiments and surveys have detri-

mental effects on response quality (Savage and Waldman, 2008) and may be too boring

for the participants (Ambler et al., 2021). Additionally, due to Prolific’s policy of link-

ing guaranteed payment to median completion time, there was also a cost incentive to

decrease the average time for finishing the experiment. We have attempted to do it in

two ways. First, we have reduced the strategy space of the leaders to the nine choices

indicated in Section 2.3.1 (compared to 12 choices in Müller and Tan (2011) and Huck

et al. (2001)). Second, we have implemented a “delayed matching” protocol. Suppose a

participant finishes the decision stages with no available opponents to match with her.

In that case, her responses are stored until the next participant also completes all stages.

Thus, she does not have to wait to be matched. These measures decreased the average

completion time to 25 minutes and allowed new participants to join the experiment at

different times.

18For example Arechar et al. (2018) find that behavioural patterns of cooperation and punishment are
replicable online, which is the main interest of the proposed design.

19See Peer et al. (2017) and Pe'er et al. (2021) for comparisons, and Litman et al. (2021) for the
discussion.
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Appendix 2.C: Additional Analyses

In our experimental setting, some of the participants started with APE, and some with

RPE. “Order” takes the value 1 for the responses under the initial contract and 0 for the

responses for the subsequent contract.

Table 2.C.1: Estimated Linear Response Functions of Followers (including order effects)

Model 1 Model 2

Intercept 33.594*** 34.379***
(1.012) (0.968)

QL(Leader quantity) −0.232*** −0.253***
(0.032) (0.031)

RPE 1.617*
(0.777)

RPE ×QL (Leader quantity) 0.060** 0.102***
(0.021) (0.010)

Order −0.334 −0.288
(0.388) (0.382)

Num.Obs. 3546 3546
R2 0.119 0.117

Notes: Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001.
Cluster-robust standard errors are in parentheses.

Table 2.C.2: Estimated Linear Response Functions of Followers (between-subject
comparison)

Model 1 Model 2

Intercept 31.984*** 33.185***
(1.439) (1.041)

QL(Leader quantity) −0.184*** −0.215***
(0.049) (0.038)

RPE 2.190
(2.066)

RPE ×QL (Leader quantity) 0.036 0.092***
(0.065) (0.026)

Num.Obs. 1773 1773
R2 0.080 0.077

Notes: Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001.
Cluster-robust standard errors are in parentheses.
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Table 2.C.3: Determinants of the Probability of Over-aggressive Behaviour: Logistic
Regressions and Linear Probability Models (including order effects)

RE Logit 1 LPM 1 RE Logit 2 LPM 2

RPE 0.833*** 0.097*** 0.877*** 0.079***
(0.100) (0.020) (0.164) (0.020)

Behind 2.198*** 0.269*** 2.238*** 0.251***
(0.111) (0.026) (0.161) (0.028)

RPE ×Behind −0.071 0.037
(0.205) (0.028)

Order 0.178 0.019 0.178 0.019
(0.097) (0.020) (0.097) (0.020)

Intercept −3.405*** 0.086*** −3.432*** 0.097***
(0.201) (0.021) (0.217) (0.020)

Num.Obs. 3546 3546 3546 3546
AIC 3014.5 4032.8 3016.4 4033.2
BIC 3045.4 4063.6 3053.5 4070.2

Notes: Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001. Logistic regressions
(RE Logit 1-2): Dependent variable Logit(Pr(Yij = 1)). Coefficients are in log-odds for
intercept and log-odds ratios for predictors. Linear probability models (LPM 1-3):
Dependent variable Pr(Yij = 1). Coefficients are in the marginal probabilities.
Cluster-robust standard errors (for LPMs) are in parentheses.

Table 2.C.4: Determinants of the Probability of Over-aggressive Behaviour: Logistic
Regressions and Linear Probability Models (between-subject comparison)

RE Logit 1 LPM 1 RE Logit 2 LPM 2 RE Logit 3 LPM 3

RPE 0.609* 0.082* 1.054** 0.114** 1.690*** 0.119***
(0.294) (0.040) (0.378) (0.039) (0.461) (0.035)

Behind 2.493*** 0.287*** 3.089*** 0.293***
(0.174) (0.031) (0.307) (0.043)

RPE ×Behind −0.906* −0.011
(0.359) (0.062)

Intercept −1.739*** 0.247*** −3.624*** 0.088*** −4.089*** 0.084***
(0.230) (0.028) (0.332) (0.025) (0.393) (0.020)

Num.Obs. 1773 1773 1773 1773 1773 1773
AIC 1838.0 2229.0 1559.0 2045.4 1554.3 2047.4
BIC 1854.4 2245.4 1580.9 2067.4 1581.7 2074.8

Notes: Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001. Logistic regressions (RE
Logit 1-3): Dependent variable Logit(Pr(Yij = 1)). Coefficients are in log-odds for intercept
and log-odds ratios for predictors. Linear probability models (LPM 1-3): Dependent variable
Pr(Yij = 1). Coefficients are in the marginal probabilities. Cluster-robust standard errors (for
LPMs) are in parentheses.
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Additional model specifications: We check the robustness of our results with regard to

changes in econometric specification. In the main body of the chapter, we have presented

the simplest generalised linear mixed model with random intercepts on the individual

level. As a robustness check, we also run GLMMs with random coefficients for contracts

(η1i) and behindness (η2i). Thus, the complete model could be summarised as

Logit(Pr(Yij = 1)) = β00+(β10+η1i)RPEij+(β20+η2i)Behindj+β3(RPEij×Behindj)+η0i

 β0i

β1i

β2i

 ∼ N


 0

0

0

 ,

 σ2
β0i

ρβ0iβ1i
ρβ0iβ2i

ρβ1iβ0i
σ2
β1i

ρβ1iβ2i

ρβ2iβ0i
ρβ2iβ1i

σ2
β2i


 , for subject i = 1..n

Table 2.C.5 presents this model as well as its variations (i.e. including/excluding the

slopes and/or the interaction term (RPE × Behind). Our conclusions from Section 2.4

remain valid under any model specification. Including the interaction component does

not significantly improve the model fit in all but one model specification. The increase

in conditional probabilities of observing over-aggressive behaviour under RPE contract

ranges from 10% (RE Logit 1) to 13% (RE Logit 6).

Table 2.C.5: Determinants of the Probability of Over-aggressive Behaviour: Additional
Model Specifications (Logistic regressions)

RE Logit 1 RE Logit 2 RE Logit 3 RE Logit 4 RE Logit 5 RE Logit 6

RPE 0.845*** 0.893*** 1.286*** 1.837*** 1.489*** 1.783***
(0.100) (0.163) (0.245) (0.351) (0.277) (0.369)

Behind 2.194*** 2.238*** 2.528*** 2.913*** 2.299*** 2.558***
(0.111) (0.161) (0.129) (0.217) (0.307) (0.374)

RPE ×Behind −0.078 −0.629* −0.407
(0.205) (0.270) (0.326)

Intercept −3.318*** −3.347*** −4.057*** −4.434*** −4.122*** −4.337***
(0.195) (0.211) (0.294) (0.354) (0.318) (0.373)

Num.Obs. 3546 3546 3546 3546 3546 3546
Random effects:
Intercept(η0i) ✓ ✓ ✓ ✓ ✓ ✓
Contract (η1i) ✓ ✓ ✓ ✓
Behindness (η2i) ✓ ✓

AIC 3015.8 3017.7 2886.2 2882.7 2671.9 2672.4
BIC 3040.5 3048.5 2923.3 2925.9 2727.5 2734.1

Notes: Significance levels at * p < 0.05, ** p < 0.01, *** p < 0.001.
Coefficients are in log-odds for intercepts, log-odds ratios for predictors.
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Table 2.C.6: Determinants of the Probability of Over-aggressive Behaviour: Logistic
Regressions and Linear Probability Models (restricted sample analysis: only

downward-sloping group)

RE Logit DS 1 RE Logit DS 2 LPM DS 1 LPM DS 2

RPE 0.947*** 0.687*** 0.098*** 0.060**
(0.129) (0.195) (0.013) (0.019)

Behind 1.309*** 1.059*** 0.136*** 0.098***
(0.132) (0.193) (0.013) (0.019)

RPE ×Behind 0.443 0.076**
(0.255) (0.026)

Intercept −3.467*** −3.316*** 0.105*** 0.126***
(0.264) (0.276) (0.024) (0.025)

Num.Obs. 2538 2538 2538 2538
AIC 1948.0 1947.0 1919.7 1918.8
BIC 1971.3 1976.2 1948.9 1953.8

Notes: Significance levels at * p < 0.05, ** p < 0.01, *** p < 0.001.
Logistic regressions (RE Logit DS 1-2) include random intercepts on the individual level.
Coefficients are in log-odds for intercept, log-odds ratios for predictors.
Linear Probability models (LPM DS 1-2): Dependent variable Pr(Yij = 1). Coefficients
are in the marginal probabilities.
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Appendix 2.D: Instructions

Experimental instructions are presented in the sequence they are shown to participants

(except pages 5-6 - as described in the main body of the chapter, the order was randomised

for each participant). The content of each page can be summarised as follows:

1. Introduction to the experiment.

2. Information about the market environment, introduction to the calculator and con-

trol questions. By moving the sliders, participants change quantities and receive

immediate feedback on their profits, other firm’s profits, and the resulting com-

pensation under both contracts. Participants can proceed only after they have

answered the control questions correctly.

3. Information about payoffs, matching and exchange rates.

4. Practice round to describe how creating the response plan works. If the information

is unclear, participants have an opportunity to see the description again.

5. First payoff-relevant rounds as the follower. This page contains an attention check:

“Please write the following number in this field: 22”.

6. Second payoff-relevant rounds as the follower. This page contains an attention

check: “Please write the following number in this field: 11”.

7. Announcement of Leader Quantity rounds.

8. First payoff-relevant rounds as the leader (there were two rounds like this, but the

pages are identical except for the contracts).

9. The final page if the participant has not been matched (i.e. if there were any

available participants). Could be refreshed to see if they have been matched.

10. The final page (if the participant has been matched), along with a calculator to

check the payoff.
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Chapter 3

The Impact of Relative Performance Evaluation in Ex-

ecutive Compensation on Market Efficiency and Col-

lusive Behaviour: Experimental Evidence†

Abstract

In this experimental study, we investigate the effects of relative performance evaluation

(RPE) in managerial compensation on market efficiency and collusive behaviour. In

our experiment, managers’ compensation is based either on their own firm’s profits or

on relative profits, i.e., the difference between their own firm’s profits and those of a

competitor. We further distinguish between two environments: one permitting only tacit

collusion and the other allowing managers to collude explicitly by forming agreements

prior to the play. The results show that RPE-based bonuses improve allocative efficiency,

especially in the absence of explicit collusion. Although the positive effects of RPEs on

allocative efficiency appear to be less pronounced when explicit agreements are possible,

there is evidence that RPEs undermine the stability of such agreements. Therefore, our

findings indicate that the nature of managerial compensation can be welfare-enhancing

and serve as an internal force that destabilises cartels.

†Co-written with Werner Bönte.
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3.1 Introduction

The determinants of firms’ collusive behaviour have always been the focus of industrial

economics, as they influence allocative efficiency in oligopolistic markets. Theoretical

studies have identified many factors, such as product heterogeneity (Deneckere, 1983)

or capacity constraints (Brock and Scheinkman, 1985), that may facilitate or hinder

collusive behaviour. Analyses of determinants of collusive behaviour are usually based on

the assumption that companies maximise their own profits or, in the case of cartels, the

joint profits of the cartel members (Feuerstein, 2005b; Ivaldi et al., 2003). In practice,

however, remuneration schemes for managers have become increasingly established in

which executive compensation is determined not only by absolute performance evaluation

(APE), e.g., the profit of the manager’s company itself, but also by relative performance

evaluation (RPE), e.g., the difference to the profit of competing companies. Executive

compensation of more than half of the S&P 500 companies is based on some form of RPE

(Bizjak et al., 2022).

As shown in the rather extensive literature on strategic delegation (Vickers, 1985;

Miller and Pazgal, 2002; Jansen et al., 2008), firm owners can use RPE-based compensa-

tion schemes to induce more aggressive behaviour by managers in product markets, which

in turn can lead to a more advantageous market position for a firm. Based on these the-

oretical insights, it can be assumed that RPE-based remuneration of managers tends

to discourage collusive behaviour, implying that RPE-based compensation schemes im-

prove allocative efficiency in oligopolistic markets. In fact, Matsumura and Matsushima

(2012) demonstrate that maximising relative rather than absolute profits in an infinitely

repeated Cournot duopoly destabilises collusive behaviour by increasing the incentive for

management to deviate from any collusive agreements. However, there is virtually no

empirical evidence of the link between RPE-based remuneration and collusive behaviour.

The results of a study based on firm-level data by Bloomfield et al. (2023) suggest that

firms in concentrated industries that form cartels are more likely to use relative perfor-

mance evaluation (RPE) for their top managers. This finding seems to contradict the

theoretical predictions. However, the correlations found cannot be interpreted as causal

relationships because, as Bloomfield et al. (2023) themselves emphasise, RPE-based com-

pensation could be used by cartel members for other unobserved reasons1.

Therefore, it is an open empirical question whether RPE-based compensation schemes

have causal effects on collusive behaviour by making tacit collusion more or less likely or

even stabilising or destabilising explicit cartels. Since the inherent endogeneity problems

of empirical studies based on observational data make it considerably more difficult to

1For example, according to Holmstrom (1979)’s informativeness principle, RPE could be used to better
monitor the unobservable actions of the CEOs, aid with talent retention (De Angelis and Grinstein, 2020)
or insulate risk-averse CEOs from industry shocks (Gibbons and Murphy, 1990). For a comprehensive
review, see Edmans et al. (2017), Chapter 3.4.
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identify causal effects, we choose a different approach and investigate these causal effects

in the context of an economic experiment. Specifically, we conduct an economic ex-

periment in which participants in a repeated quantity duopoly make quantity decisions.

Our first treatment is the type of compensation, as either APE-based or RPE-based

bonuses determine participants’ rewards. We implement the experiment as a sequence of

supergames, where participants play two supergames under each type of compensation

scheme. Hence, in this treatment, we use a within-subjects design to observe partici-

pants’ choices under all possible combinations of the two bonuses (i.e., APE vs APE,

APE vs RPE, RPE vs APE and RPE vs RPE). In the second treatment, we distinguish

between tacit and explicit collusion by either allowing or not allowing communication

between managers. If communication is allowed, the participants can coordinate their

actions via chat before each supergame, meaning they can make explicit agreements and

form cartels. If communication is not allowed, managers can only make tacit agreements.

By analysing the text of chat messages, when communication is allowed, it is possible to

determine whether cartel agreements are being made and whether the participants devi-

ate from them in their subsequent decisions on quantities. For the second treatment, we

use a between-subjects design so that subjects can either communicate with each other

or not. Based on a theoretical analysis of the market environment in our experiment,

we hypothesise that an increase in the number of managers incentivised by RPE-based

bonuses leads to an increase in market quantity, has a negative impact on tacit collusion

and makes deviation from explicit cartel agreements more likely.

In cases where there is no communication between managers, the results of our exper-

iment confirm that RPE-based compensation improves allocative efficiency, as we observe

higher market quantities when the number of managers with RPE-based compensation

increases. This finding suggests that RPE-based bonuses have a negative impact on tacit

collusion. The chosen output levels increase even if only one of the two managers receives

RPE-based compensation. Our results also show that the profits of both companies de-

crease due to RPE-based compensation, regardless of whether one or both companies

use this type of executive compensation. This result contradicts the predictions of theo-

retical studies, which suggest that in the case of asymmetric remuneration systems, the

firm with RPE-based remuneration should be in a more favourable position and achieve

higher profits (Jansen et al., 2008). This contradiction can be explained by the fact that

in our experiment, managers with APE-based compensation also choose relatively large

quantities, suggesting that these managers retaliate when the competitor chooses large

quantities. Although overall efficiency increases with the number of managers incen-

tivised by RPE-based compensation, we still observe a certain degree of tacit collusion

in all contract combinations.

If communication between managers is possible and managers can, therefore, make

explicit agreements, we observe significantly lower market quantities than in the case
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where communication is impossible. We also find that RPE-based compensation has no

significant effect on the rate of explicit collusion, as our results show that collusive agree-

ments are achieved in the majority of the markets. Thus, our results confirm existing

experimental studies that have also shown the importance of communication for collu-

sive behaviour (Fonseca and Normann, 2012; Hanaki and Ozkes, 2022). The effect of

communication overshadows the pro-competitive effects of RPE on allocative efficiency.

However, we do find some suggestive evidence that RPE contracts provide sufficient in-

centives for deviation after reaching the agreement. Furthermore, our results also show

that the average gain of communication is larger under RPE-based compensation than

it is under APE-based compensation.

Our study contributes to experimental research on the determinants of market effi-

ciency, tacit collusion and cartel stability by investigating the impact of executive com-

pensation on collusive behaviour. While the relevance of various determinants of col-

lusive behaviour has been examined in economic experiments (Engel, 2007, 2015), our

experiment is the first study to focus specifically on the effects of RPE-based executive

compensation, offering further insights into achieving more competitive outcomes. While

theoretical research states that relative performance (or relative profits) bonuses increase

the intensity of competition and destabilise collusion (Jansen et al., 2008; Matsumura

and Matsushima, 2012), these propositions have not yet been examined in economic

experiments. We confirm these theoretical conjectures empirically.

Our study is also broadly related to the field of strategic delegation and manage-

rial compensation (Vickers, 1985; Miller and Pazgal, 2002; Jansen et al., 2008). Several

experimental studies have been conducted in this field, but most of them have focused

on examining owners’ decisions regarding the adoption of certain executive compensa-

tion schemes (Huck et al., 2004a; Georgantźıs et al., 2008; Du et al., 2013; Kim, 2022).

Our approach differs from this line of experimental research because we do not study

owners’ behaviour but focus exclusively on identifying the causal effects of RPE-based

compensation schemes on managers’ decisions. In other words, owners’ decisions are

entirely exogenous in our experimental design to rule out any potential problems with

endogeneity.

The rest of this chapter is organised as follows: Section 3.2 covers the theoretical

framework, briefly describes existing experimental studies, and establishes testable hy-

potheses. Section 3.3 explains our experimental design and methodology. Sections 3.4 and

3.5 present our results and subsequent discussion. We conclude our study and directions

for future research in Section 3.6.

3.2 Theoretical Background

Several theoretical papers have explored how incentives based on relative performance

(like relative profits) influence the intensity of competition and stability of collusion.
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Jansen et al. (2008) shows bonuses based on relative profits result in elevated quantity

(i.e., more aggressive choices) choices in a one-shot Cournot environment. Lungren posits

that executive compensation based on relative profits rather than absolute profits leads to

a zero-sum game among firms in an industry, resulting in firms no longer having the incen-

tive to collude, explicitly or tacitly, on prices or quantities. The basic idea of Lundgren’s

model is that successful collusion increases firms’ absolute profits but not their relative

profits. Matsumura and Matsushima (2012) analyse a duopoly model where two firms

choose their outputs to maximise relative profits rather than their absolute profits in an

infinitely repeated Cournot duopoly. Matsumura and Matsushima (2012) show that an

increase in the degree of competition in the form of RPE-based managerial compensation

destabilises collusion. Moreover, they show that the main result holds even in the case

of optimal punishment or cost heterogeneity between firms. Guigou and de Lamirande

(2015) make further contributions by investigating the impact of asymmetry concerning

APE- and RPE-based compensation schemes on the possibility of collusion between man-

agers. Using the concept of balanced temptation introduced by Friedman (1971), they

find that incentive asymmetry may make collusive agreements more stable.

This section briefly summarises the theoretical framework behind Jansen et al. (2008),

Matsumura and Matsushima (2012) and Guigou and de Lamirande (2015). We then

discuss its implications regarding the symmetric and asymmetric adoption of APE- and

RPE-based executive compensation schemes and derive resulting testable hypotheses.

3.2.1 One-shot Game: Symmetric and Asymmetric Manager Remuneration

We establish the general setting of a game by first considering possible compensation

schemes and the resulting market outcomes in a one-shot game. In general, we assume

manager i’s compensation scheme (Vi) to consist of a fixed part (fi) and a bonus (bi)

linked proportionally (ωi) to performance:

Vi = fi + ωibi

We normalise fi = 0 and ωi = 1 and assume that there are two types of bonuses,

namely the relative performance evaluation (bRPE) and the absolute performance eval-

uation (bAPE). The APE-based bonus focuses exclusively on the profits of the firm for

which the manager works (Πi), while the RPE-based bonus also considers the profits of

the competing firm j (Πj). The APE and RPE-based bonuses are given by:

Absolute profit evaluation (APE): bAPE = Πi (3.1)

Relative profit evaluation (RPE): bRPE = Πi + γ(Πi − Πj) (3.2)

where γ ∈ (0, 1] is the weight of the RPE part of the compensation. The RPE

component of the remuneration scheme is positively related to the firm’s own profit and
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negatively to the competitor’s profit. We make three further simplifying assumptions

about the market conditions. First, following previous theoretical studies on the effects of

RPE-based compensation on collusion, we consider a game played by two managers with

given APE or RPE-based contracts. They compete à la Cournot and decide on output

quantities on behalf of their respective firms. Second, in line with previous theoretical

studies, we assume that the metric for performance evaluation is based solely on firms’

profits. Third, we assume that there are only two possible choices for γ: either γ = 0 and

the manager is remunerated according to the APE scheme, or γ > 0 and the manager’s

compensation includes the RPE component. Hence, we assume that the weight γ is

identical for both managers. The model with asymmetric weights has been examined by

Guigou and de Lamirande (2015).

Following Guigou and de Lamirande (2015) and Jansen et al. (2008), we assume that

manager i receives compensation proportional to the difference in profits. However, in

these studies, it is assumed that the bonus is given by Πi−θΠj, while we assume that the

bonus is given by (Πi + γ(Πi −Πj)). It is obvious that the two are related since θ can be

written as θ = γ
γ+1

. This implies an identical best response function. However, our way of

representing the bonus has two attractive features for the design of the experiment. First,

it makes the RPE part of the bonus more explicit - making it clearer that a manager can

only achieve higher compensation if the manager chooses higher output levels relative to

the competing firm. Second, this structure ensures that if both managers choose the same

output quantities, they will achieve the same compensation, regardless of the contract.

Following previous research, we assume that the inverse demand is linear and given by:

P (qi, qj) = a− qi − qj,

where a > 0, P is price, and qi is firm i’s output. Firms have symmetric costs given

by C(qi) = cqi. Accordingly, the firm i’s profit is given by:

Πi = (a− qi − qj − c)qi (3.3)

Substituting respective profit functions(3.3) into compensation schemes (3.1-3.2) and

assuming that managers maximise their compensations yields the following managers’

best response functions:

q∗APE
i (qj) =

a− c

2
−

qj

2
(3.4)

q∗RPE
i (qj) =

a− c

2
−

1

2 + 2γ
qj (3.5)

It is easy to see that for γ = 0, best response functions 3.4 and 3.5 are identical.
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Moreover, a closer look at equation 3.5 reveals that for any γ > 0, the manager com-

pensated under the RPE contract would choose higher quantities. Table 3.2.1 presents

equilibrium quantities, profits, and managerial compensation resulting from the three

different combinations of managers’ compensation schemes, given that managers do not

engage in collusive behaviours. Two symmetric cases exist: the traditional Cournot-Nash

equilibrium (APE vs APE) and the equilibrium where both managers are paid under the

RPE-based compensation system (RPE vs RPE). In the asymmetric case (APE vs RPE),

the manager receiving the RPE-based bonus will choose higher quantities than in the sim-

ple Cournot duopoly, and the manager receiving the APE-based bonus will choose lower

quantities. This increase in competitive aggressiveness is the key mechanism for the

use of RPE as a commitment device, as postulated in the strategic delegation literature

(Vickers, 1985; Jansen et al., 2008).

Table 3.2.1: Quantities, Profits, and Executive Compensation: Static Game

APEvsAPE APEvsRPE RPEvsRPE

Quantities
h

3
,
h

3

h(γ + 1)

4γ + 3
,
h(2γ + 1)

4γ + 3

h(γ + 1)

2γ + 3
,
h(γ + 1)

2γ + 3

Profits
h2

9
,
h2

9

h2(γ + 1)2

(4γ + 3)2
,
h2(γ + 1)(2γ + 1)

(4γ + 3)2
h2(γ + 1)2

(2γ + 3)2
,
h2(γ + 1)2

(2γ + 3)2

Compensation
h2

9
,
h2

9

h2(γ + 1)2

(4γ + 3)2
,
h2(γ + 1)3

(4γ + 3)2
h2(γ + 1)

(2γ + 3)2
,
h2(γ + 1)

(2γ + 3)2

Note: Where h ≡ (a− c).

The total market quantity is positively linked to the level of γ when one or both firms

make use of RPE-based bonuses and the market quantities exceed the market quantity of

the traditional Cournot duopoly if γ > 0. More precisely, the market quantity produced

when both managers are incentivised by the RPE-based compensation scheme exceeds

that of the asymmetric combination of compensation schemes, and the latter exceeds the

market quantity when neither manager receives RPE-based compensation. This leads to

our first theoretical result.

Hypothesis 1 If the number of managers incentivised by RPE-based bonuses increases,

market quantities increase.

Hypothesis 1 is based on the one-shot game. If, on the other hand, the interaction

is repeated, managers may achieve higher profits, provided the discount factors are suf-

ficiently high. Therefore, we now turn to our analysis of repeated games and critical

discount factors.

3.2.2 Repeated Game: Symmetric Manager Remuneration

Similar to the previous studies on collusion and its stability (Deneckere, 1983; Lambertini

and Trombetta, 2002; Feuerstein, 2005b), we assume that firms resort to the Nash equi-
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libria shown in Table 3.2.1 as part of the grim trigger strategy in an infinitely repeated

game.2 We first look at the symmetric case with both managers either incentivised by

the RPE-based bonus (RPE vs RPE) or by the APE-based bonus (APE vs APE). We

assume managers to play the above game over an infinite horizon and have a common

discount factor δ. We derive a minimum critical discount factor δ∗, necessary to sustain

collusive behaviour. In general, collusion is sustainable if

δ > δ∗ =
V D − V C

V D − V E

where V C denotes the managerial payoff from collusive behaviour (in our case, this would

be half of the monopoly output), V D is a payoff from one-shot deviation (best-responding

to half of the monopoly output), and V E is the Nash equilibrium of the one-shot game

which would be played as part of the grim trigger strategy. For the symmetric case, where

both managers are incentivised by the RPE-based bonus, δ∗ can be shown to be

δ∗ =
(2γ + 3)2

4γ2 + 20γ + 17
(3.6)

For the symmetric case, where both managers are incentivised by the APE-based

bonus, implying γ = 0, δ∗ is equal to 9
17
, which is the critical discount factor in the

traditional Cournot game (APE vs APE). It is also clear that δ∗ is increasing for γ > 0,

implying that RPE contracts raise the critical level of discount factor and, thus, make

collusive agreements less stable.

3.2.3 Repeated Game: Asymmetric Manager Remuneration

While it is usually argued that asymmetries, for example in costs,3, make collusion harder

to maintain (Ivaldi et al., 2003; Feuerstein, 2005b), Guigou and de Lamirande (2015)

demonstrate that this is not necessarily the case when asymmetry arises from the type of

executive compensation. Using the balanced temptation approach by Friedman (1971),

they show that in the case of RPE contracts, the effect is ambiguous and depends on

the degree of asymmetry. According to their model, a manager who is incentivised by

a contract with a lower γ (in our case, this is the manager with an APE contract) may

allow the manager under an RPE contract to capture a larger market share to ensure

his cooperation in joint profit-maximisation. Intuitively, this arrangement increases the

critical discount factor for the APE manager (since he gains less from a collusive agree-

ment) but decreases δ for the RPE manager (as a larger market share improves benefits

2Note, that this punishment strategy is not optimal (Abreu, 1988); however, it provides significant
simplification and improved tractability. For a discussion, see Kuhn (2005) and Feuerstein (2005a).
Matsumura and Matsushima (2012) provide a model with optimal punishment in our setting.

3For cost asymmetry, for example, firms can achieve joint profit maximisation only when side payments
are allowed (Bain, 1948).
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from cartelisation). Formally, firms’ quantities still add up to a monopoly output under

collusion; however, the market is not split equally. The manager with an RPE bonus

produces a larger share (s) of the output. It can then be shown that for any market

split (s, 1− s), managers under asymmetric contract allocation would have the following

values for δ∗RPE and δ∗APE:

δ∗APE =
(4γ + 3)2s2

(4γs− 12γ + 3s− 10)(4γs− 4γ + 3s− 2)
(3.7)

δ∗RPE =
(4γ + 3)2(2γ + 1)(s− 1)2

(8γ2s+ 4γ2 + 10γs+ 12γ + 3s+ 7)(4γs− 2γ + 3s− 1)
(3.8)

In their analysis, Guigou and de Lamirande (2015) demonstrate that the value of s

that minimises max[δ∗RPE, δ
∗
APE] is equal to

s∗ =
2γ + 1

3γ + 2

This results in the following minimum critical discount factor sufficient for the collusion

under asymmetric contract allocation:

δ̂ =
(4γ + 3)2

28γ2 + 44γ + 17
(3.9)

3.2.4 Stability of Collusive Behaviour

In the literature on the stability of collusive behaviour, a standard approach is to focus on

the critical discount factor in infinitely repeated games, and it is assumed that collusive

behaviour is less stable when the critical discount factor is relatively high. In other

words, the higher it is, the more “difficult” collusive behaviour is (Fonseca et al., 2018).

Several experimental studies have supported this claim empirically (albeit in a simplified

environment). An experimental study by Feinberg and Husted (1993) uses a 2x2 version

of the Cournot market as a repeated game with a random termination rule. Authors

induce collusive equilibria “through the use of demand and cost parameters favouring

collusion, experienced subjects, and instructions biased towards avoiding the prisoner’s

dilemma”. They then manipulate the discount rates through the probability of game

termination and analyse the implications for market outcomes. Their findings suggest

that the proportion of cooperating participants decreases with rising discount factors4.

However, their methodology implies that collusion is an equilibrium in only one of their

treatments. Furthermore, their restrictions on the action space strongly simplify the

interactions in a market setting.

4Similar results are presented in Dal Bó (2005), who utilises a comparable setting.



68 RPEs and Collusion

These issues are raised in more recent work by Bruttel (2009). Bruttel chooses a

different approach and manipulates payoffs in a repeated price-setting duopoly in a way

that changes the critical discount factor (δ∗) instead of actual discount rates (δ). She

finds that the distance from δ∗ to δ can indeed be used as a measure of the relative degree

of cartel stability5.

With this in mind, a comparison of the critical discount factors allows us to conclude

which of the combinations of executive remuneration schemes examined in the previous

sections are more likely to lead to collusive behaviour. Comparing our results from

subsections 3.2.2-3.2.3 yields the following inequality:

9

17
< δ̂ =

(4γ + 3)2

28γ2 + 44γ + 17
< δ∗ =

(2γ + 3)2

4γ2 + 20γ + 17
∀ γ > 0 (3.10)

This inequality indicates that the stability of collusive behaviour is highest when

neither manager is incentivised by the RPE-based bonus, i.e., in the standard Cournot

game. Stability is particularly low when both managers are incentivised by the RPE-

based bonus, and asymmetric managerial compensation is in the middle range in terms

of stability of collusive behaviour.

An alternative perspective on the factors that predict collusive outcomes has recently

been put forward. Blonski et al. (2011) and Blonski and Spagnolo (2015) propose that the

standard derivation of the critical discount factor does not capture the full strategic risk

of collusion. More specifically, by looking at an infinitely repeated prisoner’s dilemma, the

authors construct a cooperation criterion that takes this risk into account - by adding “the

sucker’s payoff ” (the payoff one gets when the opponent deviates) into consideration6.

The underlying logic of their methodology implies that if the sucker’s payoff decreases,

the strategic risk of maintaining collusion increases. Although Blonski et al. (2011)

do not extend their model to more general repeated interactions7, the intuition behind

their approach points in the same direction as inequality 3.10: the sucker’s payoff under

the RPE contract is smaller than under the APE contract, as any deviation by the

opponent decreases one’s profit and increases the difference in profits, resulting in lower

compensation for the non-deviating manager.

Based on the inequality 3.10 and the intuition behind the approach by Blonski and

Spagnolo (2015), we can expect that the likelihood of observing collusive behaviour would

5It is important to note, that the market environment in Bruttel (2009) is based on Maskin and
Tirole (1988), which involves sequential decision making in a price-setting duopoly. As discussed in
Ghidoni and Suetens (2022), differences in the nature of interactions (simultaneous vs sequential) can
have large consequences for behaviour. Thus, results in Bruttel (2009) cannot be easily generalised to a
simultaneous quantity-setting duopoly.

6A related idea of the basin of attraction of a defective strategy can be found in Dal Bó and Fréchette
(2011).

7As the authors themselves put it, this would require “imposing a lot more structure”. However,
Blonski and Spagnolo (2015) does include the calculations for a repeated Cournot duopoly.
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decrease with the number of managers incentivised by RPE-based bonuses. This state-

ment can be interpreted in two ways, depending on the definition of collusive behaviour.

According to the first or “strict” definition of collusive behaviour, the firms form a cartel

and produce a market quantity equal to the monopoly quantity, i.e., they maximise joint

profits. Based on this definition, we expect RPE-based bonuses to be detrimental to

cartelisation, which leads to the first part of our Hypothesis 2.:

Hypothesis 2a Increasing the number of RPE-based contracts in the market has a neg-

ative effect on cartelisation.

However, the “strict” definition of collusive behaviour does not take into account that

managers can also engage in partial collusion, i.e., the market quantity does not corre-

spond to the monopoly quantity but is lower than the market quantity of the Cournot-

Nash equilibrium in the presence of RPE-based bonuses (see Table 3.2.1). Our theoretical

considerations suggest that it is more difficult to sustain even partial collusion when RPE-

based premia are present. This is especially true when both managers receive RPE-based

bonuses. Moreover, the results of the experimental study by Boente and Galkin (2023)

suggest that RPE bonuses promote over-aggressive behaviour. Against this background,

we can formulate the second part of our Hypothesis 2:

Hypothesis 2b Increasing the number of RPE-based contracts in the market has a neg-

ative effect on partial collusion.

The theoretical derivation of Hypotheses 2a and 2b provides further justification for

our Hypothesis 1, which was derived on the basis of the static game. Market quanti-

ties increase with the number of managers incentivised by RPE-based bonuses, even in

repeated games, as collusion is more difficult to maintain in the presence of RPE-based

bonuses.

3.2.5 Implicit and Explicit Collusion

There are basically two ways in which collusive behaviour between companies can come

about and our analysis thus far has not differentiated between these two types of collusive

behaviour: First, there may be cartel agreements between firms in which the firms’

managers explicitly communicate their intended behaviour to each other. Second, there

can also be implicit agreements without any explicit communication. In practice, the

focus of antitrust authorities is on preventing explicit collusion. Since explicit collusion

cannot be enforced, standard game theory would suggest that the set of equilibria in a

repeated oligopoly should be the same whether or not the managers of the two firms

can communicate with each other (Fonseca and Normann, 2012). Hence, whether the

possibility of explicit communication exists should not be relevant to our hypotheses.

However, overwhelming empirical findings going back to Friedman (1967) indicate that
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communication significantly improves coordination and cooperation rates8. A potential

mechanism to explain this phenomenon is presented by Dvorak and Fehrler (2020) and

Kartal and Müller (2021): communication reduces (but does not eliminate) the strategic

risk of cooperation.

Applying this intuition to our market environment, we expect that the ability to

communicate would allow managers to make explicit agreements that lower strategic

risk, making it more likely that the quantities chosen will increase profits for both firms.

This leads to our third hypothesis.

Hypothesis 3 The possibility of communication between managers favours collusion.

We expect Hypotheses 1-2b to hold even if managers are able to communicate and

thus make explicit agreements. The quantities chosen will be lower, but we still expect

RPE-based compensation to make collusive behaviour less likely. A comparison of the

critical discount factors (Eq. 3.10) shows that the incentive to deviate is higher for RPE-

based compensation than for APE-based compensation. These considerations lead to our

final hypothesis.

Hypothesis 4 The likelihood of deviating from an explicit agreement increases with the

number of managers receiving incentives through RPE-based bonuses.

3.3 Experimental Design

We test the above hypotheses in a lab experiment where participants make repeated

choices in a quantity-setting duopoly with a random termination rule. In total, subjects

play four supergames, which differ in the type of contract they are compensated with and

the type of contract their opponent is compensated with. Thus, we obtain the choices

in four possible conditions (APEvAPE, APEvRPE, RPEvAPE, RPEvRPE). We make

further distinctions between two environments: one where only tacit collusion is possible

(No Communication treatment) and one where participants can make explicit agreements

about their strategies before each supergame (Communication treatment).

In the rest of this section, we first outline the specifics of the experimental markets,

followed by a more in-depth discussion of our methodological decisions.

3.3.1 Market Setup

The market environment in our experimental setting is built upon the framework outlined

in the previous section. We used the parameter values a = 100 for the linear inverse

demand function, c = 0 for the cost and profit functions, and f = 100, γ = 1 for the

compensation schemes. Subjects act as managers of firms and decide what quantity their

8See Balliet (2010) for a general survey of literature on cooperation in social dilemmas, and Haan
et al. (2009) and Fonseca and Normann (2012) for the effects of communication in the market setting.
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respective firms produce. A manager with an APE-based contract receives the following

compensation:

vapei =

πi + 100 πi > 0

0 otherwise
(3.11)

In the case of the RPE bonus scheme, the reward of the manager depends on the

profits of both firms:

vrpei =

πi + 100 + (πi − πj) vrpei > 0

0 otherwise
(3.12)

The Cournot-Nash equilibria for the static game and respective critical minimum

discount factors are presented in Table 3.3.1.

Table 3.3.1: Experimental Predictions for the Static Game

APEvsAPE APEvsRPE RPEvsRPE

Quantities 66 (33, 33) 72 (29, 43) 80 (40, 40)

Profits 2244 (1122,1122) 2028 (812, 1204) 1600 (800, 800)

Compensation 2444 (1222, 1222) 2608 (912, 1696) 1800 (900, 900)

Consumer Surplus 2178 2592 3200

Collusive Quantity 50 (25, 25) 50 (20, 30) 50 (25, 25)

Collusive
Compensation

2700 (1350, 1350) 3200 (1100, 2100) 2700 (1350, 1350)

Discount factor (δ) ≈ 0.53 ≈ 0.55 ≈ 0.61

Notes: Numbers in brackets correspond to the firm-specific outcomes. In the case of the asymmetric
market, the first number corresponds to the outcome of the firm with APE-based compensation. The
outcomes are rounded to the nearest point.

3.3.2 Methods

Existing experimental literature (Haan et al., 2009) points out that specifics of the design

(information availability, past history, possible modes of communication) of experiments

in a repeated setting may significantly influence individual decision-making. Overall,

our study investigates the effects of RPE-based contracts on the intensity of competition

and collusion rates compared to APE-based contracts. Therefore, as long as our specific

conditions remain constant across all supergames, we are able to evaluate the causal effect

of the RPE bonuses. However, for the sake of completeness and to allow for an adequate

comparison of our experiment to previous studies, it is important to highlight certain

features of our design along with the insights from existing literature that may have an

effect on outcomes of interest.
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Treatment I: Absolute Performance Evaluation (APE) versus Relative Performance

Evaluation (RPE)

Each subject makes output decisions in four different combinations of managerial com-

pensation:

1. Both managers receive APE-based compensation (symmetric APE market).

2. Both managers receive RPE-based compensation (symmetric RPE market).

3. The subject receives APE-based compensation, while the manager of the other firm

receives RPE-based compensation.

4. The subject receives RPE-based compensation, while the manager of the other

firm receives APE-based compensation (the last two cases represent asymmetric

markets).

Hence, we employ a within-subjects design for this treatment. While within-subject

designs potentially suffer from confounds, they have more power than between-subject

designs. To control for order effects, the order of the four different combinations is random

at the individual level. Moreover, at least for each subject’s first combination, we can

also perform a between-subjects analysis.

Treatment II: Communication (C) versus No Communication (NC)

The second treatment is related to the distinction between tacit and explicit collusion. To

examine the causal effect of RPE-based compensation on managerial decision-making, we

allow a sub-sample of our subjects to communicate before each supergame. In contrast,

the other subjects do not have this option. In other words, by allowing subjects to com-

municate, we enable them to reach explicit agreements, whereas, without the opportunity

to communicate, only tacit agreements are possible at best. Existing experimental studies

suggest that for oligopoly markets, once the cooperative agreement has been established,

the firms would continue to collude even when communication is disabled (Fonseca and

Normann, 2012). The communication page contained a chat window and a profit cal-

culator to help participants with their decisions. We have limited the chat duration to

three and a half minutes without any restrictions. Although this design choice makes

the analyses of agreed-upon quantities somewhat more cumbersome, the free-form com-

munication is significantly more effective in establishing collusion (see Waichman et al.

(2010), Cooper and Kühn (2016) and Brandts et al. (2019) for additional literature re-

view). Subjects also had the option of skipping this page altogether. The possibility

of communication thus allows explicit collusion, but the subjects can also deliberately

refrain from communication. For this treatment, we use a between-subjects design in

which subjects are randomly assigned to either the group of subjects in which the two
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managers cannot communicate or the group of subjects in which the two managers can

use chat to communicate.

Infinitely Repeated Games

Our theoretical framework outlined in section 3.2 implies that market decisions are made

under the assumption of an infinite horizon. The standard approach for running infinitely

repeated games in economic experiments is based on a random termination procedure as

proposed by Roth and Murnighan (1978). In other words, subjects play indefinitely re-

peated games that end in a finite time, with the exact time of the end unknown to the

players. They only know that the game ends after each period with a certain probabil-

ity. Theoretically, infinitely repeated games with payoff discounting are isomorphic to

indefinitely repeated games without payoff discounting. However, as noted by Fréchette

and Yuksel (2016), these environments may differ in practice. From the perspective of

our setting, the framing of random termination makes sense, as managerial contracts may

end prematurely and unexpectedly (Kaplan and Minton, 2011), and companies may leave

the market or be acquired. However, using the random termination method can result in

a significant variation in the number of periods played.

Thus, we employ a variation of a block random termination procedure proposed by

Fréchette and Yuksel (2016). We use a probability of stopping of p = 10% (the expected

length of a supergame is ten periods). According to the block random termination ap-

proach, the state of the market is only revealed after the subjects have played a minimum

number of periods (10). If the market ends before period 10, only the periods up to the

”last” period are relevant for the payoffs, and all other decisions within the first 10 periods

are irrelevant for the subjects’ payoffs. Subjects are provided with this information, along

with some examples, during the introduction stage (see Appendix 3.C - Experimental In-

structions). This method implies that we can use the first ten periods of each market

in our statistical analyses. Furthermore, we have randomised the supergame duration

before the experiment to ensure a reasonable session duration. The resulting supergames

lasted for [11,8,13,9] periods and were fixed throughout the sessions. Finally, our chosen

continuation probability (p = 90%) ensures that collusion can be theoretically sustained

under all possible contract combinations.

Upon completion of the experiment, subjects were paid a cumulative amount for the

payoff-relevant periods in one randomly chosen supergame. This payment method is

consistent with preferences assumed by the framework of the infinite-horizon games with

discounting (Sherstyuk et al., 2012).
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Instructions

The instruction stage of the experiment contained contextual instructions with regards to

the framing of the environment, for example, referring to “firms”, “managers”, “product”,

“compensation”, and “contracts”. In a review of the experimental literature, Alekseev

et al. (2017) conclude that meaningful language is either useful or does not change be-

haviour in the vast majority of cases. Furthermore, the instructions did not use any

language that may induce aggressive behaviour (for example, referring to the matched

participant as “the other person” and not as “opponent” or “rival”). Throughout the ex-

periment, APE contract was described as “contract A”, and RPE contract was described

as “contract B”. As the experiment was conducted in German, we also avoided the use

of any gendered references (e.g., using the words “person” or “management”). Appendix

3.C provides the complete instructions, translations and page layouts.

We provided subjects with a profit calculator9 for ease and efficiency, enabling them

to quickly determine firm profits based on output quantities. When a subject changed

the position of the slider (and thus the output quantity) for either firm, they could im-

mediately see the resulting profits of the two firms. During the learning and introduction

stage, the calculator also displayed the resulting compensation from the profits for both

types of contracts. The outcomes are rounded to the nearest point as in Table 3.3.1.

As explored by Mason and Phillips (1997), full information about the possible payoffs

improves cooperation rates, which we also expect to be true in our setting. However,

only the compensation for the current contract was shown during the decision stages.

To confirm that participants understand the market environment and the function-

ality of the sliders, we provided them with three control questions concerning potential

scenarios under the given market conditions. These questions were the same for all par-

ticipants and could only be solved using the calculator. Participants were only permitted

to continue once they answered all questions accurately.

Information

Throughout the decision stages, participants also received information about which con-

tract they were assigned and which contract was assigned to their opponent. This design

choice was implemented for two reasons. First, the complete information provision re-

duces the complexity of participants’ decisions as they do not have to form expectations

about possible contracts of the rival manager. Second, in most countries, publicly traded

companies are obliged to report the details of the remuneration packages for executive

managers, making our framing more realistic.

However, the participants knew neither the order of contracts they would play nor the

9Requate and Waichman (2011) establish that there is no significant difference in experimental results
in duopoly market games between a payoff calculator and a payoff table.
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contracts their next opponent would be playing. Since the contract order may influence

the behaviour in subsequent games (for example, Huck et al. (2001) report “aspiration

levels”, which changes the behaviour depending on the order of play), we balanced the

possible contract combinations10.

The last important aspect of information availability is concerned with the feedback

participants receive during repeated play. Throughout the decision stages, participants

in our experiment received information about the past actions of the rival, the profits

of both firms, and their resulting compensation (but not the compensation of the rival

manager). Our choice of this environment is aimed to make the setting more realistic,

as it is natural to assume firms (and, thus, managers) to gather all available information

about the historical developments in the market (Haan et al., 2009). The theoretical

approach by Vega-Redondo (1997)11 suggests that providing profits of competing firms

would drive the Cournot market towards a Walrasian equilibrium. Huck et al. (2000)

provide some evidence supporting Vega-Redondo’s conjecture. However, these results are

challenged by Bru et al. (2002)12, who provide the entire history of actions (in contrast,

Huck et al. (2000) only provide the outcomes of the previous period) and find more

collusive outcomes in their environment. Furthermore, a recent metastudy (Fiala and

Suetens, 2017) finds that transparency about the actions of the opponents tends to lead

to higher cooperation rates. Against this background, we would expect our method of

presenting past history of play to positively affect the likelihood of observing collusive

behaviour.

Experimental Flow

Our experimental flow can be summarised in the following way:

1. Introduction Stage:

Participants get information about the market environment, their compensation

under both possible contracts (APE and RPE) and rules about the duration of the

market. They are also given a tool to help them with their decisions: a calculator

that outputs the resulting profits and their compensation given the outputs of their

firm and the output of the other firm in a duopoly.

2. Practice Stage:

10Thus, out of the group of 16 participants, four would have their first supergame in the symmetric
APE market, four would start in the asymmetric market with APE contract, four would start in the
asymmetric market with RPE contract, and four would start in the symmetric RPE market. For the
next supergame, each participant would play a different market setting while the total distribution of
the contract allocations remained constant.

11This evolutionary framework is built on the idea that a firm imitates the behaviour of the most
profitable rival and, with a small probability, (mistakenly) chooses some arbitrary output.

12Some other evidence is presented, for example, by Offerman et al. (1997). See Haan et al. (2009) for
a more general discussion.
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Participants are given time to familiarise themselves with a calculator and play a

practice game where they can choose quantities for both firms and see the resulting

compensation.

3. Matching Stage:

Participants are assigned a contract and are randomly matched to another partici-

pant in a session.

4. Communication Stage:

If the participants are in the “Communication” treatment, they are allowed to

coordinate their strategy before a supergame. The chat is limited to three and a

half minutes.

In the “No Communication” treatment, participants only get information about

their contact and the contract of the opponent.

5. Decision Rounds:

Participants make simultaneous quantity choices for each period until the supergame

ends. Throughout the duration of the supergame, the matching remains fixed.

6. Rematching:

After the supergame ends, participants are rematched with a new participant

(stranger matching) and steps 3-5 are repeated. Each participant plays four su-

pergames in total.

7. Payment:

After the decision stages conclude, a random draw decides which supergame is

payoff-relevant, and the participant receives the cumulative compensation for the

respective supergame.

3.3.3 Sample

The experiment consisted of seven sessions, which took place at the DICElab of Hein-

rich Heine University Dusseldorf (four sessions) and the EconLab of the University of

Wuppertal (three sessions) in June 2023. A total of 96 participants took part in the

experiment. Each session consisted of either 8 or 16 subjects to ensure the balanced allo-

cation of contract combinations. The experiment has been programmed in oTree (Chen

et al., 2016), and participants were recruited via ORSEE (Greiner (2015), EconLab) and

hroot (Bock et al. (2014), DICELab). The sessions lasted, on average, 60 minutes both

for Chat and Implicit Collusion treatments. The experimental sample predominantly

consisted of students (98 per cent) of various backgrounds. Table 3.A.1 (Appendix 3.A)

provides complete demographic information about our sample.

Participants received a show-up fee of 6 Euro (DICELab) and 5 Euro (EconLab)

plus the cumulative compensation based on their decisions in the experiment. We used
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“Experimental Points” (EP) as currency, with 1000 EP = 1 Euro. Subjects earned from

7.30 Euro to 30.5 Euro, with an average payment of 15.4 in the “No Communication”

treatment and 20.4 in the “Communication” treatment.

3.4 Experimental Results

We now turn to the experimental results. As already stated in the introduction, we are

primarily interested in three questions: whether RPE contracts enhance efficiency (Hyp.

1), if they act as a deterrent to tacit collusion (Hyp. 2a-2b), and if their impact is potent

enough to disrupt explicit agreements (Hyp. 4). Additionally, we are interested in the

“level” effect of communication (Hyp. 3). For the reader’s convenience, we first provide

descriptive statistics and visualisation of our findings for both treatments. We then turn

to more formal tests of the hypotheses outlined in section 3.213.

3.4.1 First look at the Data

Table 3.4.1 reports the average observed quantities for three different combinations of

managerial compensation schemes that vary in the number of managers incentivised by

RPE-based bonuses (APE vs APE (0), APE vs RPE (1), and RPE vs RPE (2)). Results

are reported separately for subjects who were able to communicate with the other firm’s

manager (C) and subjects who were unable to do so (NC, no communication). As can

be seen from the table, our results provide preliminary evidence for Hypothesis 1, as the

average market quantities increase with the number of managers incentivised by RPE-

based bonuses. However, for all three bonus combinations, the consumer surpluses are

remarkably lower in the C-treatment than in the NC-treatment, and the positive impact

of RPE-based bonuses is lower in the C-treatment, where the increases in consumer

surplus from symmetric APE to symmetric RPE is about 20 per cent, while the increase

is around 30 per cent in the NC-treatment.

In our experimental setup, the collusive market quantity maximising joint profits

is 50 (see Table 3.3.1). According to our strict definition of collusive behaviour, firms

would, therefore, form a cartel only if the observed market quantity is exactly equal to

the monopoly quantity of 50. However, it is likely to be difficult, especially in the NC

treatment, for this exact market quantity to arise from the individual decisions of the

subjects. Therefore, we call a cartel market if the observed quantity is less than 52. The

results in Table 3.4.1 show that the share of cartel markets in the NC treatment is lower

(9.6 per cent) in the symmetric RPE case than in the symmetric APE case. In the C

treatment, the share of cartel markets is also lower (64 per cent) in the symmetric RPE

case than in the symmetric APE case, although only slightly. Moreover, the effect of the

number of managers with RPE-based bonuses on cartelisation is not monotonic, as the

share of cartels is higher (C-treatment) or lower (NC-treatment) in the asymmetric case

13Based on the current data.
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than in the symmetric RPE case. Hence, Hypothesis 2a is not clearly supported by our

results. However, the positive effects of the C-treatment are clearly present as the share

of cartel markets increases considerably: in symmetric APE, the share of cartel markets

is 12 per cent in the NC-treatment but 69 per cent in the C-treatment. Hypothesis 3 is

clearly supported by this data. The results of our experiment suggest that the possibility

of explicit collusion leads to a reduction in allocative efficiency.

No Communication (NC) Communication (C)

Market Type N Share of
cartels

Quantity Consumer
Surplus

N Share of
cartels

Quantity Consumer
Surplus

APE v APE 280 0.12
(n=34)

68.06
(0.81)

2383.51
(55.34)

200 0.69
(n=138)

54.94
(0.7)

1557.9
(46.27)

APE v RPE 560 0.05
(n=28)

74.27
(0.61)

2782.43
(39.22)

400 0.72
(n=289)

55.03
(0.59)

1575.41
(38.29)

RPE v RPE 280 0.096
(n=27)

77.94
(0.92)

3107.89
(64.55)

200 0.64
(n=128)

59.45
(1.07)

1871.98
(73.31)

Notes: Numbers in brackets correspond to the standard errors of the mean unless otherwise specified.

Table 3.4.1: Observed Market Outcomes

We illustrate our findings in Figure 3.4.1, which shows the average observed market

quantities for the first ten periods of the supergames. The dashed lines show the Cournot-

Nash equilibrium quantities for each combination of compensation schemes (symmetric

APE, symmetric RPE, and asymmetric compensation) and the market quantity that

maximizes joint profits (see Table 3.3.1). In the graphical illustration, the results for the

C and NC treatments are again shown separately.

Figure 3.4.1: Average Observed Market Quantities for Different Combinations of Bonus
Schemes and for C and NC Treatment

The left graph shows the results of the NC treatment. As theoretically predicted,
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market quantities increase with the number of managers receiving RPE-based bonuses.

Hence, Figure 3.4.1 provides additional visual support for our Hypothesis 1. We can also

deduce that in markets with symmetric RPE, market quantities generally fall below the

Cournot-Nash equilibrium quantity. In contrast, average market quantities are above the

Cournot-Nash equilibrium quantities in situations with symmetric APE or when bonuses

are asymmetric. Moreover, the average quantities chosen by the subjects are always

far above the quantity that would result from collusive behaviour. Although this holds

for symmetric APE cases, notably high market quantities are especially evident in the

context of symmetric RPE. Since RPE-based bonuses lead to higher market quantities,

they improve the allocative efficiency of markets. The right plot shows the results for

the C treatment, where participants can explicitly collude. We again find that markets

with symmetric RPE bonuses tend to lead to higher market quantities than markets with

symmetric APE or asymmetric compensation. Thus, allocative efficiency is highest when

both managers receive RPE-based bonuses. The causal effect of the C treatment is very

clear, as the observed market quantities are now much lower than the Cournot-Nash

equilibrium quantities and closer to the market quantity that results when managers

behave collusively.

However, comparing markets with different combinations of bonus schemes is not with-

out problems, as these markets differ with regard to their Nash Equilibria. To graphically

illustrate the link between combinations of bonus schemes under C and NC treatment,

we therefore look at the Collusion Index (CI) that has been used, for example, by Suetens

and Potters (2007) and Anderson et al. (2014):

ρt =
Q̄t −QNash

QJPM −QNash

where Q̄t is the observed market quantity, QNash is the Nash equilibrium, QJPM is

the joint profit-maximising quantity. Markets closer to the cartel outcome would have a

larger collusion index (with ρ = 1 being a perfect cartel), and any collusion index above

0 would imply that markets achieved at least some level of cooperation relative to the

respective Nash equilibrium. Figure 3.4.2 presents the density graphs of the observed

collusion indices for each allocation of compensation schemes, along with the median

(dashed vertical line) and the mean (solid vertical line).

The first point worth noting is that the median collusion index for each market in

the NC treatment is very close to the respective Nash equilibrium (ρ = 0), while in the

C-treatment, the majority of the markets have achieved perfect collusion (ρ = 1). This

observation is in line with our Hypothesis 3, as we hypothesised that the possibility of

communication between managers favours collusion. According to the Hypothesis 2b,

we would also expect the density graphs to have more weight on the negative ρ in the

markets with RPE-based compensation, particularly in the NC treatment. Figure 3.4.2
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Figure 3.4.2: Density of Observed Collusion Indices

does not support this conjecture. Thus, we can conclude that the allocative efficiency

gains, evident in the average observed quantity graph (Fig. 3.4.1), can be attributed to

the theoretically predicted outcomes of the static game.

Figure 3.4.3 illustrates the share of cartel markets for each of the first ten periods of the

supergames. The left plot shows the results for the NC treatment, and the right plot shows

the results for the C treatment. The comparison of the two graphs indicates the apparent

causal effect of communication ability on the proportion of collusive markets. This is a

direct confirmation of Hypothesis 3, as significantly more markets have achieved cartel

outcomes under explicit collusion treatment. In contrast, Figure 3.4.3 does not support

Hypothesis 2a, as the proportion of markets with joint profit maximising quantities does

not clearly increase with the number of managers incentivised by RPE-based bonuses.

Figure 3.4.3: Share of the Markets that Achieved Joint Profit Maximisation
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According to Hypothesis 2b, we expect the proportion of markets in which partial

collusion is achieved to decrease with the number of managers receiving RPE-based

bonuses. Figure 3.4.4 shows the proportion of markets where the observed market quan-

tities are lower than the Cournot-Nash equilibrium (partial collusion). Again, a clear

causal effect of the C-treatment is observed, as the proportion of partially collusive mar-

kets increases substantially in the presence of the communication option. In contrast,

RPE-based bonuses do not seem to systematically affect partial collusion.

Figure 3.4.4: Share of Partially Collusive Markets

3.4.2 Hypothesis Testing

We now turn to formal tests of our hypotheses, a statement of results, and the analysis

of explicit communication agreements.

Observed Market Quantities (Hypothesis 1)

We first evaluate the average market outcomes. According to Hypothesis 1, the average

observed market quantities increase with the number of managers incentivised by RPE-

based bonuses. Thus, RPE-based bonuses improve allocative efficiency (i.e., result in a

larger consumer surplus) through elevated quantity choices. Figure 3.4.1 and Table 3.4.1

provide strong evidence that, at least in the NC treatment, both quantities and con-

sumer surplus increase with the number of managers incentivised by RPE-based bonuses.

We supplement these findings by running the Jonckheere-Terpstra test for ordered as-

cending alternatives (p < 0.0001). For the Communication treatment, these effects are

weaker. Non-parametric tests show a statistically insignificant effect for the Communi-

cation treatment (Jonckheere-Terpstra test: p > 0.08). As an additional test, we run a

series of regressions of the form:
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Yij = β0 + β1RPEij + β2Ci + β3Ci ×RPEij + Controls+ eij (3.13)

where Yij is the observed quantity in a matched market i in round j, RPEij is the

number of managers in the market who are incentivised by RPE-based bonuses, and Ci

is a dichotomous variable taking the value of one if the market was in C-treatment. We

control for possible learning effects for periods within a supergame (Periodj) and between

supergames (Supergamej). Similar to the methodology in Chapter 2, we account for the

potential autocorrelation by employing robust standard errors clustered at the matched

market level14. Table 3.4.2 Models 1-6 present the estimates of resulting regressions with

and without controls for NC treatment (Models 1-2), C treatment (Models 3-4) and the

pooled sample (Models 5-6).

Table 3.4.2: Regression Analysis - Observed Quantities

Subsample: No Communication (NC) Communication (C) Pooled

Model 1 2 3 4 5 6

Intercept 68.70*** 64.76*** 53.86*** 59.09*** 68.70*** 68.58***
(1.75) (2.75) (1.91) (2.93) (1.75) (2.48)

RPE 4.94** 4.94*** 2.25 2.25 4.94** 4.94**
(1.51) (1.49) (1.91) (1.77) (1.51) (1.51)

C −14.83*** −14.83***
(2.59) (2.54)

C ×RPE −2.68 −2.69
(2.43) (2.37)

Num.Obs. 1120 1120 800 800 1920 1920
Controls ✓ ✓ ✓
R2 Marg. 0.055 0.073 0.016 0.119 0.307 0.323
R2 Cond. 0.576 0.593 0.764 0.771 0.739 0.745

Notes: Significance levels at * p < 0.05, ** p < 0.01, *** p < 0.001. Cluster-robust standard errors are in
parentheses.

Table 3.4.2 Models 1-2 show that each additional RPE contract significantly increases

the observed quantities in the No Communication treatment. When communication is

possible (Models 3-4), the effects are present but are smaller and are not statistically

significant. In the pooled regressions (Models 5-6), the coefficient of the interaction term,

β3, is negative, yet not statistically different from 0. Put differently, the data does not

allow us to definitely rule out the effects of RPE contracts when explicit agreements

are allowed. Rather, the evidence suggests that, in such contexts, these effects are less

pronounced.

Regression in Eq. 3.13 assumes that the effects of each additional RPE bonus present

in the market are linear. We conduct two alternative regression analyses to supplement

this initial approach. The first specification employs a factor variable to represent each

possible contract allocation. The second specification utilises a dichotomous variable to

14See Oshchepkov and Shirokanova (2020) and Pustejovsky and Tipton (2017) for a discussion.
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indicate the presence or absence of RPE contracts. Tables 3.A.2-3.A.3 (Appendix 3.A)

present the findings, which are broadly in line with the previous conclusions. Thus, we

report:

Result 1 When only tacit collusion is possible, the presence of managers incentivised by

RPE-based bonuses leads to a statistically significant increase in observed market quanti-

ties. When managers can communicate, the effect of RPE-based bonuses is not statisti-

cally significant.

Cartel markets (Hypothesis 2a)

As is evident from Table 3.4.1 and Figure 3.4.3, we observe some decrease in the share

of cartels in the NC treatment, but, contrary to our Hypothesis 2a, the largest drop in

the rate of cartel formation happens in the asymmetric market setting. Results from the

C treatment do not show a large difference between the symmetric APE market and the

market with asymmetric bonuses. However, we find a small decrease in the rate of cartel

formation for the markets with two RPE contracts.

We assess the statistical significance of these findings by running a mixed model logis-

tic regression and a linear probability model (Table 3.4.3 - Models 1-2). As a dependent

variable, we use the probability of the market being a cartel. We account for possible

correlations in our data by including a random intercept on the group level (Gelman

and Hill, 2006) and for possible learning effects by including the respective periods and

supergames15. Although the effects of RPE contracts are still present in both models,

only the effect of communication is significant. Therefore, our data implies the following:

Result 2 RPE contracts do not have statistically significant effects on the rates of cartel

formation.

Partially collusive markets (Hypothesis 2b)

While Hypothesis 2a focuses on a “strict” view of cartels, Hypothesis 2b looks into the

likelihood of observing at least some degree of cooperation. Intuitively, if the participants

are able to achieve a market outcome below the respective Nash equilibrium, their market

is partially collusive. According to the Hypothesis 2b, we would expect managers with

RPE contracts to be more competitive (i.e., engage in “quantity wars”), resulting in a

lower proportion of the partially collusive markets. Figure 3.4.4 suggests that the share

of partially collusive markets is stable across different contract allocations throughout

the duration of each supergame. Figure 3.4.2 presents similar conclusions, as the median

collusion index is close to 0. The regression analysis further supports this conclusion

(Table 3.4.3 - Models 3-4). Thus:

15Regressions were run with lme4 package in R (Bates et al., 2011).
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Result 3 RPE contracts do not have statistically significant effects on the rates of partial

collusion.

Table 3.4.3: Generalised Linear Mixed Models and Linear Probability Models: Cartels
and Partial Collusion

Dependent Variable Pr(Cartel) Pr(Cartel) Pr(Part. Coll.) Pr(Part. Coll.)
Model 1 2 3 4
Type GLMM‡ LPM† GLMM‡ LPM†

Intercept −13.09*** −0.08 0.21 0.54***
(2.46) (0.07) (0.77) (0.08)

RPE −0.29 −0.01 0.00 0.01
(1.29) (0.03) (0.42) (0.05)

C 20.03*** 0.63*** 5.35*** 0.39***
(2.43) (0.09) (0.96) (0.08)

C ×RPE 0.32 −0.01 −0.33 −0.02
(1.71) (0.08) (0.74) (0.06)

Num.Obs. 1920 1920 1920 1920
Controls ✓ ✓ ✓ ✓
R2 Marg. 0.359 0.439 0.346 0.164
R2 Cond. 0.988 0.818

Notes: Significance levels at * p < 0.05, ** p < 0.01, *** p < 0.001. Presented regressions are of the
following form: Yij = β0 + β1RPEij + β2Ci + β3Ci ×RPEij + Controls+ ηi. Except for the dependent
variable Yij, the notation is the same as in Eq. 3.13. ‡Generalised linear mixed models: Dependent
Variable Logit(Pr(Yij = 1)), where Yij is a variable taking the value 1 if the observed market i in period j
is a Cartel (Partially Collusive). Coefficients are in log-odds for intercept and log-odds ratios for
predictors.†Linear probability models: Dependent variable Pr(Yij = 1). Regressions are estimated with
an OLS approach. Coefficients are in the marginal probabilities. Cluster-robust standard errors (for
LPMs) are in parentheses.

Effects of Communication (Hypothesis 3)

As expected, explicit communication strongly affects all outcome variables we are in-

terested in. Figures 3.4.1-3.4.2 and Table 3.4.1 provide prima facie support that com-

munication increases the likelihood of cartelisation and lowers observed quantities and

social welfare. These effects are statistically significant in all of our model specifications

(Tables 3.4.2 - 3.4.3). The possibility of forming explicit agreements dampens the pro-

competitive effects of RPE-based compensation to the point where they are no longer

statistically significant.

Result 4 Communication increases cartelisation rates and decreases observed quantities

independent of the type of managers’ compensation.

Explicit Collusion (Hypothesis 4)

As is evident from the tests of Hypothesis 3, explicit agreements are problematic from the

welfare perspective. According to Hypothesis 4, we would expect that managers under
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RPE would have a larger incentive to deviate and break these agreements. The analysis

of the cartelisation rate (Hyp. 2a) may not capture the full extent of these deviations as

managers may agree on the quantities that are not joint-profit-maximising (or partially

collusive). Since the communication data is perfectly observable, we can identify the

agreed-upon levels of production and compare them with the actual choices. As we focus

specifically on explicit agreements, we exclude all markets where the agreement has not

been reached (for example, some participants skipped the communication step either due

to impatience or technical reasons). Lastly, we exclude all markets where participants

have agreed to play an Alternating Monopoly16. Table 3.4.4 presents individual decisions

in every possible contract allocation.

Market Type N (Total
Observations)

N (Deviation) Proportion of
Deviations

Average Period
of Deviation

Average Size of
Deviation

APEvAPE 320 11 0.03 6.27 12.91
APEvRPE 280 17 0.06 6.71 11.53
RPEvAPE 280 17 0.06 6.65 12.06
RPEvRPE 280 37 0.13 5.95 13.54

Table 3.4.4: Explicit Agreements and Deviation Analysis

Table 3.4.4 provides suggestive evidence that RPE contracts may undermine explicit

agreements. Specifically, the proportion of individual choices, different from agreed-upon

quantities, doubles for each additional RPE contract in the market. These trends in

deviation rates across each supergame are further depicted in Figure 3.4.5. While the

overall deviation rates are relatively low, individual decisions in the markets where both

managers have RPE contracts show a consistently higher likelihood of breaking explicit

agreements.

We access the statistical significance of these observations by running logistic regres-

sions of the form:

Logit(Pr(Yij = 1)) = α0,1,2,3 ×MarketTypeij + Controls (3.14)

Where Yij is a dichotomous variable taking the value of one if the participant i has

deviated from the collusive agreement in the period j, MarketTypeij is a factor variable

with four levels (i.e., APEvAPE, APEvRPE, RPEvAPE, RPEvRPE), indicating the

contracts present in the market when the decision has been made. We control for pos-

sible learning effects for periods within a supergame (Periodj) and between supergames

16Alternating monopoly is a strategy where participants alternate between monopoly output and no
output. In a standard Cournot, this strategy generates the same outcome as a perfect cartel. RPE-based
bonuses provide additional incentives to engage in such behaviour since RPE compensation is bounded
from below. This issue is not covered in the theoretical section, primarily due to its implausibility in
real markets. We go into further detail about this potential flaw in our design, its implication for the
strategy and a simple fix in Appendix 3.B.
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Figure 3.4.5: Devitiations from Collusive Agreements

(Supergamej). Since participants make repeated decisions in our setting, we also run a

Generalised linear mixed model with a random intercept on the participant level as a ro-

bustness check17. We supplement our analysis with linear probability models with errors

clustered at the individual level for the convenience of the reader. Table 3.4.5 presents

our findings.

Table 3.4.5: Regression table: Deviations from Collusive Agreements

Model GLM 1 GLM 2 GLMM 1 GLMM 2 LPM 1 LPM 2

Intercept −3.34*** −3.85*** −7.98*** −9.15*** 0.03 0.11**
(0.31) (0.79) (1.96) (1.41) (0.02) (0.04)

APEvRPE 0.60 0.83* 1.81** 1.98* 0.03 0.04
(0.40) (0.42) (0.59) (0.88) (0.04) (0.04)

RPEvAPE 0.60 0.83* 1.49** 3.20*** 0.03 0.04
(0.40) (0.42) (0.57) (0.87) (0.04) (0.04)

RPEvRPE 1.45*** 1.49*** 2.71*** 2.44** 0.10 0.09
(0.35) (0.38) (0.58) (0.90) (0.06) (0.05)

Num.Obs. 1160 1160 1160 1160 1160 1160
Controls ✓ ✓ ✓
R2 Marg. 0.042 0.050 0.020 0.131
R2 Cond. 0.860 0.875

Notes:* p < 0.05, ** p < 0.01, *** p < 0.001. Symmetric APE contract combination is set as the base level.
GLM and GLMM models: Coefficients are in log-odds for intercept and log-odds ratios for predictors. LPM
models: Regressions are estimated with an OLS approach. Coefficients are in the marginal probabilities.
Cluster-robust standard errors (for LPMs) are in parentheses.

Some of our model specifications have insignificant coefficients. Nevertheless, when

both managers are compensated with RPE contracts, the changes in the log-likelihood

17Generalised linear mixed models are often suggested for the analysis of individual behaviour; however,
incorrectly specifying the underlying data structure may potentially inflate type I error. See Litière et al.
(2007).



3.5 Discussion 87

of observing deviations remain consistently significant18. Thus, based on the data from

a relatively small sample, we can partially confirm Hypothesis 4.

Result 5 When both managers are incentivised by Relative Performance Evaluation (RPE)

contracts, the likelihood of deviating from explicit agreements increases.

Additional analysis

Finally, we take a look at the effects of explicit agreements. First, we calculate the mean

of individual compensation and the resulting profit under each contract allocation. We

then look at the difference between the observed payoffs in the markets where explicit

agreement has been reached and where it has not been reached. We present the results

in Table 3.4.6.

Table 3.4.6: Profits and Compensation for each Contract Allocation

No Explicit Agreement Explicit Agreement Difference

Market Type n Comp Profit n Comp Profit ∆ Comp ∆ Profit

APEvAPE 600 1095.21(14.92) 998.71(14.5) 320 1323.39(5.58) 1223.39(5.58) 228.18(15.92) 224.68(15.54)

APEvRPE 610 953.66(14.67) 859.48(14.07) 280 1310.98(6.04) 1210.98(6.04) 357.32(15.86) 351.5(15.31)

RPEvAPE 610 1116.52(20.63) 939.18(14.8) 280 1319.89(9.45) 1215.43(5.95) 203.36(22.69) 276.25(15.96)

RPEvRPE 580 872.87(20.11) 774.56(15.9) 280 1195.79(22.38) 1096.93(19.52) 322.92(30.09) 322.37(25.17)

Table 3.4.6 offers two interesting observations. First, contrary to the mechanism be-

hind strategic delegation, introducing RPE-based bonuses strictly lowers the profits of

the company when there is no communication, even if the rival firm uses APE-based com-

pensation for their manager. Second, the incentives to form explicit agreements (based on

the combined increase in managerial compensation) are the lowest in the markets where

managers are compensated with APE contracts.

3.5 Discussion

In this experimental study, we investigate the effects of executive compensation based

on relative performance evaluation (RPE) on market efficiency and, in particular, on the

incidence of collusive behaviour. Although this type of executive compensation is becom-

ing increasingly important from an antitrust perspective, as the use of RPEs in executive

compensation has gained popularity in recent years (Do et al., 2022) and economic the-

ory suggests that it can influence collusive behaviour (Matsumura and Matsushima, 2012;

Guigou and de Lamirande, 2015), there is almost no empirical evidence to date of a link

between RPE-based executive compensation and collusive behaviour. Only the finding

from the study by Bloomfield et al. (2023) that firms that form a cartel are more likely

18In the linear probability models, the coefficients associated with symmetric RPE markets are signif-
icant at a 10 per cent level.
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to use RPE in the remuneration of their top managers provides indirect evidence of a

link between RPE-based compensation and collusive behaviour. However, the study by

Bloomfield et al. is based on observational data, so that the correlation found cannot be

interpreted as causal.

To investigate the causal effects of RPE-based compensation on managers’ collusive

behaviour, we conducted an economic experiment in which subjects make quantity de-

cisions in a repeated duopoly and are exposed to two treatments. First, the number

of managers compensated by RPE-based bonuses varies: in a market, no manager, one

manager, or two managers receive this remuneration. Second, subjects are either re-

stricted from communicating and can, therefore, only make tacit agreements, or they

are allowed to communicate and can, therefore, make explicit agreements. Our study

thus contributes to the already established experimental literature on tacit collusion En-

gel (2015), in which the effect of RPE-based compensation of managers has not yet been

investigated. By including the possibility of explicit agreements, our experiment also con-

tributes to recent work on the stability of cartels (Engel, 2007; Fonseca et al., 2018), as

we empirically investigate whether stability is causally related to the number of managers

whose compensation is RPE-based.

When only tacit collusion is possible, our experimental results are consistent with

our theoretical predictions: the presence of managers incentivised by RPE-based bonuses

leads to a statistically significant increase in observed market quantities. Therefore, this

result suggests that RPE-based bonuses increase consumer surplus and overall social

welfare. This observation can largely be attributed to the differences in Nash equilibria

resulting from the change in best-response functions (Jansen et al., 2008). Although

RPE bonuses are theoretically expected to prevent both perfect and tacit collusion by

increasing the critical discount factors (Matsumura and Matsushima, 2012; Guigou and

de Lamirande, 2015), our results show that RPE contracts have no statistically significant

effect on the likelihood of cartels and partial collusion.

When communication between managers (subjects) is allowed, and subjects can make

explicit agreements, the observed market quantities are significantly lower than without

communication, regardless of the number of managers incentivised by RPE-based com-

pensation. We observe a significantly higher probability of cartel-like behaviour in line

with previous research (Hanaki and Ozkes, 2022). Since the communication in our exper-

imental setup is perfectly observable, we can also detect whether subjects deviate from

the explicit quantity agreements they made in the chats before the supergames. Our re-

sults show that the probability of deviating from the explicit agreements increases when

both managers are incentivised by RPE-based bonuses. This suggests that RPE-based

bonuses can destabilise cartels and act as an internal factor influencing cartel stability in

addition to the external factors that have been shown to be relevant in previous research,

such as the legal environment (Bodnar et al., 2021) or sanctioning institutions (Andres
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et al., 2021).

Our study is also related to experimental studies on strategic delegation that primarily

focus on the decisions of firm owners to use certain compensation schemes to induce their

managers to behave more aggressively (Huck et al., 2004a; Georgantźıs et al., 2008; Du

et al., 2013; Kim, 2022). However, in contrast to these experimental studies, the type

of managerial compensation in our experimental design is not chosen by the firm owners

(subjects) but is entirely exogenous. This allows us to interpret the effects of executive

compensation on managerial decision-making as causal, which is not the case in the

experimental studies on strategic delegation.

Our study has implications for competition policy and antitrust authorities. Compe-

tition authorities in the UK and the US already recognise the importance of RPE-based

compensation schemes to filter shocks and promote higher levels of executive performance

(Farmer et al., 2013). We provide convincing arguments that, from the perspective of

competition authorities, selecting direct competitors as part of the peer group for RPE-

based executive compensation is pro-competitive. Our results show that this form of

executive compensation increases allocative efficiency. We also find that managers are

more likely to deviate from explicit antitrust agreements when compensated in this way.

Consequently, RPE-based compensation may tend to undermine cartels from within.

The effect of RPE-based bonuses for managers would go in the same direction as external

measures such as monitoring, sanctioning regimes or leniency programmes (Andres et al.,

2021; Fonseca et al., 2022; Andres et al., 2023).

As with any economic experiment, questions arise with regard to external validity.

Our experimental design refers to markets that are characterised by high concentrations

(duopolies). Furthermore, the relative performance evaluation in our experimental de-

sign uses only the direct competitor’s profit as a benchmark. In practice, however, it is

quite possible that companies that are not in direct competition also serve as benchmarks

(Gong et al., 2011; Bizjak et al., 2022; Feichter et al., 2022). Future experimental stud-

ies could investigate the extent to which the results change when non-competitors also

serve as benchmarks. Moreover, in our experimental design, communication can only

occur before the supergames. Previous experimental work suggests that this restricted

form of communication is sufficient to establish collusion (Cooper and Kühn, 2016), and

cooperation between firms continues even after communication is disabled (Fonseca and

Normann, 2012). However, a recent study of field data by Haucap and Heldman (2023)

reveals that persistent communication is important in stabilising cartels, particularly in

noisy environments. This claim is further supported by experimental work (Cooper and

Kühn, 2016; Bigoni et al., 2018). Hence, there is a clear imperative for conducting fur-

ther research on the destabilising effects of RPEs in different environments and different

modes of communication.

In interpreting our findings, it is also important to recognise that the reported results
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are preliminary and derived from a relatively small sample. Two problems, in particular,

exacerbate this limitation. Firstly, there is the matter of alternating monopoly, which

we address in Appendix 3.B. Moreover, during our initial session, we encountered several

technical issues that prevented some participants from accessing the chat. Although

we exclude both types of problematic markets in our analysis of explicit agreements,

these problems led to further reductions in our sample size. Nevertheless, the suggestive

evidence that we do find in the remaining sample produces statistically significant results.

Thus, we are optimistic that these findings will remain robust after further data collection

procedures.

3.6 Conclusion

Executive compensation schemes that change over time play a central role in firm-level

decisions and consequently influence market efficiency and competitive dynamics. This

experimental study examines the competitive effects of executive bonuses based on rel-

ative performance evaluation, which has gained popularity in recent years. For concen-

trated markets, where the profits of direct competitors serve as the basis for relative

performance evaluation, our results show that this form of executive compensation has

positive effects on allocative efficiency and makes collusive behaviour less likely. Previous

research on the determinants of collusive behaviour has focused on factors external to the

firm, but our results show that factors internal to the firm, such as executive compensa-

tion, also play a role. Therefore, we believe that this direction remains a fruitful field for

experimental industrial economics research.
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Appendix 3.A: Additional Tables

Table 3.A.1: Demographics: Overall Sample and Subsamples

Characteristic Overall, N = 96 No Communication,

N = 56

Communication,

N = 40

Gender

Female 46 (48%) 27 (48%) 19 (48%)

Male 33 (34%) 18 (32%) 15 (38%)

Other/Prefer not to

say

17 (18%) 11 (20%) 6 (15%)

Student 94 (98%) 55 (98%) 39 (98%)

Age Group

18-21 30 (31%) 14 (25%) 16 (40%)

22-25 33 (34%) 23 (41%) 10 (25%)

26-30 16 (17%) 9 (16%) 7 (18%)

31-35 1 (1.0%) 0 (0%) 1 (2.5%)

36-40 1 (1.0%) 0 (0%) 1 (2.5%)

40+ 1 (1.0%) 1 (1.8%) 0 (0%)

Other/Prefer not to

say

14 (15%) 9 (16%) 5 (13%)

University of Wuppertal 32 (33%) 24 (43%) 8 (20%)

Participant Payoff 16.8 (14.8, 20.9) 15.4 (13.1, 18.3) 20.4 (16.8, 23.6)

1 n (%); Median (IQR)
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Table 3.A.2: Regression Analysis - Observed Quantities (RPE as a factor)

Subsample: No Communication (NC) Communication (C) Pooled

Model 1 2 3 4 5 6

Intercept 68.06*** 64.12*** 54.94*** 60.17*** 68.06*** 67.94***
(1.97) (2.88) (2.06) (3.23) (1.97) (2.65)

APEvRPE 6.20* 6.20* 0.09 0.09 6.20* 6.20*
(2.47) (2.47) (2.58) (2.55) (2.47) (2.52)

RPEvRPE 9.87** 9.88*** 4.51 4.51 9.87** 9.88**
(3.03) (2.98) (3.83) (3.55) (3.03) (3.03)

C −13.12*** −13.12***
(2.85) (2.79)

C × APEvRPE −6.11 −6.11
(3.57) (3.52)

C ×RPEvRPE −5.37 −5.37
(4.88) (4.75)

Num.Obs. 1120 1120 800 800 1920 1920
Controls ✓ ✓ ✓
R2 Marg. 0.056 0.074 0.023 0.125 0.308 0.324
R2 Cond. 0.579 0.595 0.766 0.773 0.740 0.746

Notes: Regression specification Yij = β0,1,2FRPEij + β3,4,5FRPEij ×Ci +Controls+ eij where FRPEij is a factor
variable representing different contract combinations (where no, one, or both managers have RPE-based contract)
the rest of the notation is the same as in Eq. 3.13. The symmetrical APE combination is set as the base level.
Significance levels at *p < 0.05, **p < 0.01, ***p < 0.001. Cluster-robust standard errors are in parentheses.

Table 3.A.3: Regression Analysis - Observed Quantities (RPE as a dichotomous
variable)

Subsample: No Communication (NC) Communication (C) Pooled

Model 1 2 3 4 5 6

Intercept 68.06*** 64.13*** 54.94*** 60.17*** 68.06*** 67.94***
(1.97) (2.88) (2.06) (3.29) (1.97) (2.66)

BRPE 7.43** 7.43** 1.56 1.56 7.43** 7.43**
(2.34) (2.32) (2.55) (2.49) (2.34) (2.38)

C −13.12*** −13.12***
(2.85) (2.79)

C ×BRPE −5.87 −5.87
(3.46) (3.40)

Num.Obs. 1120 1120 800 800 1920 1920
Controls ✓ ✓ ✓
R2 Marg. 0.047 0.065 0.003 0.106 0.300 0.316
R2 Cond. 0.576 0.593 0.764 0.771 0.739 0.745

Notes: Regression specification Yij = β0 + β1BRPEij + β2Ci + β3Ci ×BRPEij + Controls+ eij where BRPEij is
a dichotomous variable taking the value 1 if there is at least one RPE contract, present in the market and 0
otherwise. The rest of the notation is the same as in Eq. 3.13. Significance levels at *p < 0.05, **p < 0.01, ***p
< 0.001. Cluster-robust standard errors are in parentheses.
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Appendix 3.B: Alternating Monopoly

Alternating monopoly (AM) is a strategy in a repeated market setting where firms al-

ternate between producing monopoly output and no output. Although such interaction

is possible, it is unlikely to happen in real markets19. Generally, this behaviour is not

problematic in experimental market environments. However, due to non-negative con-

straints on the RPE-based compensation, participants in our setting are able to achieve

significantly higher profits. In this section, we first describe the implications of alter-

nating monopoly strategy in the context of our theoretical framework, then explain the

problems with our experimental setting, and conclude with a simple fix.

Theoretical implications

Consider an infinitely repeated Cournot game with linear demand and constant marginal

costs c = 0.

P = 1− qi − qj (3.15)

Πi = (1− qi − qj)qi (3.16)

If firms i and j coordinate and split the market (SM), each produces half of the

monopoly output (1
4
) and gets half of the monopoly profit ΠC

i = ΠC
j = 0.5ΠM = 1

8
. As

in section 3.2.2, we can calculate the critical minimum discount factor(δSM) necessary to

sustain collusion. For this, consider that firm j cooperates in every period unless firm i

cheats. Firm i’s choice is between cooperation and choosing the best response to the half

of the monopoly output 1
4
:

q∗i (qj =
1

4
) =

3

8
=⇒ ΠD

i =
9

64

The consequence for deviating is the grim trigger response by firm j, which would play

Cournot equilibrium quantity 1
3
, thus ensuring ΠE

i = ΠE
j = 1

9
for the rest of the game.

Assuming constant discounting factor (δ), firm i would choose to continue to cooperate

if:

ΠC
i (

1

1− δ
) > ΠD

i +
δ

1− δ
ΠE

i (3.17)

Or if

δ > δSM =
ΠD

i − ΠC
i

ΠD
i − ΠE

i

=
9

17
(3.18)

19For examples where AM is feasible, see Herings et al. (2005) and Amelio and Biancini (2010).
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Similarly, we can calculate the critical minimum discount factor for the alternating

monopoly strategy. In all even periods (t = 2, 4, ...) firm i does not produce any output

and receives no profits, while firm j produces monopoly output and gets monopoly profits

ΠM = 1
4
. In all uneven periods, they switch. Thus, without discounting, both AM and

SM strategies yield the same average per-period benefit as forming a cartel (Π
M

2
= 1

8
)

for each firm. Suppose the firms agree to play AM and δ < 1. In that case, the firm

that produces no output in period t = 1 is already disadvantaged since future monopoly

profit will be discounted in the next period. Without loss of generality, assume it is firm

i. Thus, firm i’s discounted profits from cooperating under AM are:

Πi(Total, Cooperate) = 0 + ΠM
i (

δ

1− δ2
) =

δ

4(1− δ2)
(3.19)

The discounted profits after deviating (choosing to best respond to the monopoly

output) in period t = 1 are:

Πi(Total, Deviate) =
1

16
+

δ

9(1− δ)
(3.20)

The critical minimum discount factor necessary to sustain collusion can then be cal-

culated as follows:

δAM =
10−

√
37

7
≈ 0.5596 > δSM ≈ 0.5294 (3.21)

In other words, collusion under the AM strategy is relatively harder to sustain than

the SM strategy.

In our theoretical framework (Section 3.2), we assume that the managers are evaluated

each period, and their (symmetric) compensation is:

V RPE = Πi + γ(Πi − Πj) (3.22)

Following the same reasoning as above, we can calculate the benefit of agreeing to play

the AM strategy. Thus, in period (t = 1), firm i would produce 0. The compensation of

the manager would, thus, be:

V RPE
t=1 = 0 + γ(0− ΠM) = −

γ

4
(3.23)

The discounted profits from cooperating are then:

V RPE
i (Cooperating, Total) = −

γ

4(1− δ2)
+

(1 + γ)δ

4(1− δ2)
=

γδ + δ − γ

4(1− δ2)
(3.24)
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The discounted profits after deviating (choosing to best respond to the monopoly

output) in period t = 1 are:

V RPE
i (Total, Deviate) =

1

16 + 16γ
+

δ(γ + 1)

(2γ + 3)2(1− δ)
(3.25)

We simplify the calculation by choosing γ = 1 as in our experiment. We can then

compare critical minimum discount factors under AM and SM (See Table 3.4.6) for the

RPE-based contract.

δAM
RPE =

56−
√
2161

13
≈ 0.73 > δSMRPE ≈ 0.61 (3.26)

The above equation suggests that RPE-based compensation makes the AM strategy

even less stable.

Problems with experimental setting

We have used a non-negative constraint for both contract types as described in section

3.3. Thus, for the APE-based contract, the participants’ payoff is:

vapei =

πi + 100 πi > 0

0 otherwise
(3.27)

In the case of the RPE bonus scheme, the reward of the manager depends on the

profits of both firms:

vrpei =

πi + 100 + (πi − πj) vrpei > 0

0 otherwise
(3.28)

The non-negativity constraint in vapei does not influence either AM or SM strategies,

as compensation in both is not negative. Thus, inequality 3.21 remains true. However,

under the RPE contract, Equation 3.24 becomes

V RPE
i (Cooperating, Total) =

(1 + γ)δ

4(1− δ2)
(3.29)

In other words, by playing the AM strategy, the manager of firm i gets (1 + γ)

monopoly profits in every even period and 0 for every uneven period. For γ = 1, this

implies

δAM
RPE =

168−
√
27249

39
≈ 0.075 < δSMRPE ≈ 0.61 (3.30)
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In other words, the AM strategy under RPE contracts produces the strongest explicit

agreements (even more stable that APE contracts). Furthermore, the joint compensation

under alternating monopoly strategy Pareto dominates the joint compensation under

the market share strategy (since both managers receive above monopoly compensation).

Therefore, by bounding the RPE contract above 0, we have unintentionally induced

participants to play the AM strategy.

Solution

Alternating monopoly strategy produces the same total market outcome as the “normal”

collusion (monopoly output). However, the validity of our theoretical predictions may be

compromised, as under the AM strategy, the incentive to deviate is lower for RPE-based

contracts. This issue is irrelevant to the No Communication treatment, as it requires

strong coordination between participants and an “aha” moment in the understanding

of our setting. However, we do identify cases of the AM strategy in Communication

Treatment, presented in Table 3.B.1.

Table 3.B.1: Communication Treatment: Observed Cases of Alternating Monopoly

Market Type Total Observations Alternating Monopoly Proportion (AM)

APE v APE 200 20 0.100
APE v RPE 400 70 0.175
RPE v RPE 200 50 0.250

In the current version of our paper, the solution for this issue is quite direct. Theo-

retical predictions in the main body of our paper hold as long as communication between

participants does not result in the AM strategy. Thus, after excluding all markets that

adopt the AM strategy, we can evaluate the strength of explicit agreements (as in Hyp.

4). Notably, the omission of markets using the alternating monopoly strategy does not

alter the significance or direction of our other findings (e.g., results 1 - 4).

There are two possible ways to handle future data collection. The first approach is

to keep the environmental setting constant and use the same procedures for AM data as

in the current version. However, assuming the same rate of AM strategy adoption, this

approach would result in 20 per cent data loss (due to the exclusion of AM markets).

Alternatively, it is possible to introduce a non-negativity constraint on total compensa-

tion for all payoff-relevant periods instead of per-period compensation. In this way, the

alternating monopoly strategy under RPE contracts would still contain negative elements

as in Equation 3.24, and therefore, would be less stable and not Pareto optimal. Current

data suggests that relaxing per-period non-negativity constraint would not significantly

affect the data, as less than 0.1 per cent of markets have quantities above 90.
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Appendix 3.C: Experimental Instructions

Experimental instructions are presented in the sequence they are shown to participants.

Where pages vary between treatments, both versions are displayed. The content of each

page can be summarised as follows (both German and English translations):

1. Introduction to the experiment.

2. Information about the market environment and several illustrative examples of the

calculations.

3. Introduction to the calculator and control questions. By moving the sliders, par-

ticipants change quantities and receive immediate feedback on their profits, other

firm’s profits, and the resulting compensation under both contracts. Participants

can proceed only after they have answered the control questions correctly.

4. Information about market duration, payoffs, and exchange rates. Additionally,

participants had the opportunity to engage in a practice round, choosing quantities

for both firms to see potential payoffs.

5. Announcement page for the start of payoff-relevant rounds. In the case of the Com-

munication treatment, participants were informed about the online chat feature.

6. Notification about successful matching. Details about the participant’s contract

for the current supergame and their matched partner’s contracts are provided. In

the Communication treatment, the page also features a chat window and the profit

calculator. This page is limited to 3 minutes and 30 seconds.

7. An example of a round that is relevant for payoffs. This window also showcases the

history of prior interactions with the matched participant.

8. Announcement of the rematching process after the conclusion of the previous su-

pergame.
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Chapter 4

Relative Performance Evaluation in Executive Com-

pensation May Encourage Collusion: Why Details Mat-

ter

Abstract

This chapter explores how bonuses tied to Relative Performance Evaluation (RPE) in

executive compensation can unintentionally promote collusion and improve cartel stabil-

ity. The chapter consists of two parts. The first part presents a theoretical model which

assumes the RPE awards to be linked to the performance of companies outside the focal

firm’s industry, i.e., excluding direct competitors. The chapter demonstrates that, in the

case of repeated interactions, managers under RPE contracts gain more from collusive

behaviour than under the standard compensation scheme. Furthermore, under certain

conditions, collusion under RPE becomes easier to sustain. The RPE awards observed

in practice commonly contain intervals where such conditions are satisfied. Since obser-

vational studies reach their limits in testing the theory, the second part of the chapter

proposes a design of an economic experiment to test these theoretical predictions. Given

the current perception of RPEs as beneficial or neutral to competition, the concerns ex-

pressed in the theoretical part and the expected results from the proposed experiment

can be of immediate concern to antitrust authorities.
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4.1 Introduction

Relative Performance Evaluation (RPE) has emerged as a prevalent component in exec-

utive compensation, particularly among CEOs of major corporations1. The practice of

RPE typically involves benchmarking the firm’s performance against a predetermined set

of companies, providing a comparative measure of managerial effectiveness. Endorsed by

government authorities for potentially enhancing shareholder value (Farmer et al., 2013),

RPEs are predominantly viewed as either competition-enhancing or, at the very least,

neutral in their effects on collusive tendencies (Walker, 2019). This chapter presents

a contrasting perspective: under specific conditions, RPEs may yield anti-competitive

outcomes.

The theoretical motivations behind RPEs are primarily based on the “informative-

ness principle” (Holmstrom, 1979): by evaluating CEO performance relative to the other

companies, the owners can better judge managerial ability, elicit costly effort, lower con-

tracting costs, and avoid pay-for-luck (Bizjak et al., 2022)2. While the primary reasons

for using RPEs are internally focused, including other firms’ performances in the com-

pensation function of the manager can inadvertently have strategic implications. For

example, Salas Fumas (1992) shows that by including direct competitors in the reference

peer group, profit-maximising owners commit to a more aggressive response function

for their management (i.e. encouraging aggressive product-market strategies). Based

on this interpretation, RPEs are beneficial for social welfare as they induce competitive

tendencies; yet, for the same reason, they are detrimental to the companies’ profits3.

Owners’ concerns about over-aggressive market strategies can be alleviated by select-

ing a set of peers that do not include direct competitors or by using a broad market index

(e.g., the S&P500) (De Angelis and Grinstein, 2019). Recent reports on current practices

of peer group selection show that both approaches are commonly used and even suggested

by compensation consultants (Ma et al., 2021). At first glance, excluding competitors or

using a broad index as a benchmark implies no changes in the managers’ product market

strategies, as the RPE award does not provide any incentive to engage in over-aggressive

behaviour. The owners can enjoy the benefits of RPE awards without harming their

companies’ profits (Bloomfield et al., 2023).

This chapter argues that such RPEs may be anti-competitive as they impose (perhaps

unintentionally) a dual competitive dynamic: firms compete within their industry while

their managers compete against other companies in their respective RPE benchmark

groups. From the perspective of own payoff maximising managers, colluding on the

product market level may become more attractive as it improves relative standing and

1Bizjak et al. (2022) report that most large US companies are using some form of RPEs.
2For a review of theoretical literature, see Edmans et al. (2017).
3RPEs with direct competitors are a special case of negatively-interdependent preferences, see strate-

gic delegation literature (Vickers, 1985; Jansen et al., 2008; Koçkesen et al., 2000).
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increases their compensation through RPE.

The theoretical part of this chapter explores a generalised model of an infinitely re-

peated duopoly, comparing scenarios where managers’ contracts include RPEs against

those where compensation is solely based on the company’s own performance metrics.

Unlike Salas Fumas (1992) or Asseburg and Hofmann (2008), the presented model con-

siders RPEs that do not involve direct competitors (or use a large index so that the

effects of competitors are insignificant). The analysis demonstrates that RPEs increase

the gains from collusion and may also make collusive behaviour easier to sustain. The

chapter then describes specific conditions under which this holds true and examines how

these conditions align with the typical RPE structures implemented in practice. The con-

clusions from the presented model are similar to two previous works, namely Spagnolo

(1999) and Spagnolo (2005). These studies show that multimarket contact and managers’

income smoothing increase cartel stability. According to the findings in the theoretical

part, RPE awards that do not involve direct competitors may result in the same outcome.

These conclusions underline the necessity for a more critical examination of RPE

practices, given their potential to foster anti-competitive behaviours in certain market

settings. However, as the model focuses only on one aspect of the RPE awards, namely

their strategic effects, the empirical tests of the findings pose significant practical chal-

lenges, particularly if based on observational firm-level data. Hence, as a preliminary

step, the second part of this chapter outlines the blueprint of an economic experiment to

validate its theoretical predictions. The emphasis on the detailed experimental design,

rather than immediate results, marks a novel approach and is a deliberate methodological

choice. This choice reflects the current academic trend towards preregistration of studies

and pre-analysis plans (Bloomfield et al., 2018; Miguel, 2021), underscoring the value of

transparency and methodological rigour (Brodeur et al., 2022). This chapter provides

a comprehensive plan for the proposed study, encompassing detailed descriptions of the

treatments, experimental procedures, clearly defined hypotheses, and a precise analytical

approach. Additionally, it includes a power analysis, directly addressing recent concerns

about the lack of statistical power in economic studies (Askarov et al., 2023). This com-

prehensive approach not only adheres to the highest standards of research methodology

but also positions this study as a strong contribution to advancing empirical understand-

ing in the field of economic policy and executive compensation analysis.

The theoretical framework in this chapter investigates a currently overlooked aspect of

the RPE awards. Although the model serves primarily as an illustration of the potential

mechanism, i.e., is not exhaustive in its scope, its implications are nonetheless concern-

ing for anti-trust authorities and policymakers. Confirming these theoretical predictions

in a controlled experimental context would ideally pave the way for more comprehen-

sive discussions and empirical analyses. Consequently, the proposed experiment could

broaden the collective understanding of the current practices in executive compensation
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and potentially inform future policy and regulatory decisions in this field.

The rest of the chapter is organised in the following way. Section 4.2 presents a formal

framework, identifies conditions where RPE awards are anti-competitive and discusses

whether such conditions are observed in practice. Section 4.3 describes related litera-

ture and the problems with empirical validation strategies and proposes an experimental

design to test the conclusions of the presented model.

4.2 Framework and Practical Implications

4.2.1 Formal Model

Consider a market with two symmetrical companies (firm i and firm j) with symmetrical

managers competing in an infinitely repeated setting (t = 0, 1, 2..) with a discount factor

δ. Each manager chooses some strategic action (ai,t) (for example, quantities or prices or

advertising budget) at the beginning of each period. The performance of companies i and

j is the result of strategic actions and are given by πi(ai, aj) and πj(ai, aj) (for example,

one measure of performance is profits). Besides companies i and j, a large set M (with

i, j /∈ M) of companies compete in other, unrelated markets. At the end of each period,

the entire environment is perfectly observable (i.e. the performances of each company).

The compensation of the managers can either be standard (wst), i.e., depend on only

own-performance in the period t:

wi,t,st = f + γπi,t (4.1)

or be RPE-based (wrpe), i.e., include the RPE award (F (πit)):

wi,t,rpe = f + γπi,t + F (πi,t) (4.2)

where f represents a fixed salary, γ is the weight of the pay-for-performance incentive,

and F (πit) is the RPE component which is awarded after every period t. Without loss of

generality, I normalise f = 0 and γ = 1. With regard to the RPE component, there are

three assumptions.

Assumption 1 The relative performance component F (πi,t, πk,t, ...) is a function that

uses some specific set of other companies k ∈ K as a benchmark peer group. F (πi,t)

is monotonically increasing in the performance of the company i and is monotonically

decreasing in the performances of all other companies k ∈ K. The function F can be

assumed to be almost everywhere differentiable with

dF (πi,t)

dπi,t

> 0, for all i /∈ K



4.2 Framework and Practical Implications 123

and
dF (πi,t)

dπk,t

< 0, for all k ∈ K

Assumption 2 The relative performance component F (πi,t) does not depend on the per-

formance of the competitor company j, i.e.

dF (πi,t)

dπj,t

= 0

Assumption 2 implies no strategic interaction between firm i and its direct competitor,

firm j, through the RPE bonus. There are two possible ways to achieve this in practice.

Firstly, the reference peer group can outright exclude competitors (i.e. j /∈ K). Then, the

assumption is obviously satisfied. Alternatively, the benchmark peer group can include

the entire index of firms M (i.e. K = M ∪ j). In this case, as the number of other firms

in the “index” becomes sufficiently large, the impact of one competitor firm becomes

insignificant:

lim
M→∞

dF (πi,t)

dπj,t

→ 0

Assumption 3 Companies i and j do not influence the performance of other companies

outside their industry, and strategic actions of the companies outside the industry do not

influence the performance of companies i and j, i.e.

dπk,t

dai,t
= 0 and

dπi,t

dak,t
= 0, for i = i, j and k ∈ K \ {i, j}

4.2.2 Comparative Statics

Managers of firms i and j compete in their market by taking actions (ai,t, aj,t). I now

compare a scenario where both managers are remunerated via wst with a scenario where

both are remunerated by wrpe.

First, consider a one-shot interaction (for convenience, the index t is omitted). It is

easy to see that under assumptions 1-3, the maximisation problems of the managers do

not change when the RPE component is included.

dwrpe

dai
=
dπi

dai
+

dF (πi)

dπi

dπi

dai
+

dF (πi)

dπj

πj

dai
+

∑
k∈K

dF (πi)

dπk

πk

dai
(4.3)

The last two terms in equation 4.3 are equal to 0 (assumptions 2 and 3). Therefore,

since dF (πi)
dπi

> 0, maximising wrpe is the same as maximising πi (i.e. same as maximising

wst). It then follows that if the combination (aei , a
e
i ) is the Nash Equilibrium of the market
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under wst, it is also the equilibrium if both managers are compensated via wrpe. Let the

companies’ performances in the Nash Equilibrium be πe
i = πe

j = πe.

Next, consider a repeated interaction. The Nash equilibrium of a static game is also

one of the possible equilibrium points in an infinitely repeated game. However, collusion

may also be sustainable for some level of the discount factor δ. Similar to the logic in

the static game, including the RPE component does not affect the strategies that lead

to joint compensation maximisation4. If one manager deviates from the cartel agreement

in period t, he gains extra benefit for one period. The rival firm reverts to using Nash

equilibrium from period t+1 onward (grim trigger strategy (Friedman, 1971)). Let πc be

the performance under cartel and πd be the performance under the deviation, implying

πd > πc > πe. If the managers collude under the standard scheme, their individual gain

from collusion can be calculated as follows:

wi,st(π
c)− wi,st(π

e) = (πc − πe) (4.4)

Under the RPE scheme:

wi,rpe(π
c)− wi,rpe(π

e) = πc − πe + F (πc)− F (πe) (4.5)

πc > πe also implies F (πc) > F (πe) because of the Assumption 1. Therefore,

Proposition 1 Including the RPE component increases manager i’s gain from collusion.

From the perspective of the individual manager, collusion is sustainable if the discounted

compensation under the cartel is larger than the gain from an individual deviation and

subsequent punishment. That is,

wi(π
c)

1− δ
> wi(π

d) +
δ

1− δ
wi(π

e)

wi(π
c) > wi(π

d)(1− δ) + δwi(π
e)

wi(π
c)− wi(π

d)

wi(πe)− wi(πd)
> δ (4.6)

If the condition 4.6 is satisfied, i.e., if the discount factor in the market δ is larger than the

ratio
wi(π

c)− wi(π
d)

wi(πe)− wi(πd)
, collusion is sustainable. In other words, the ratio

wi(π
c)− wi(π

d)

wi(πe)− wi(πd)
defines the critical or minimum discount factor (δmin) that is necessary for collusion to be

possible. The critical discount factor is commonly seen as an indicator of how “difficult”

collusion is (Fonseca et al., 2018). Using the condition 4.6, the critical discount factors

4A common prerequisite for this is the absence of side transfers or possibilities for alternating
monopoly.
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under different compensation environments are as follows:

δmin
st =

wst(π
d)− wst(π

c)

wst(πd)− wst(πe)
=

πd − πc

πd − πe
(4.7)

δmin
rpe =

wrpe(π
d)− wrpe(π

c)

wrpe(πd)− wrpe(πe)
=

πd + F (πd)− πc − F (πc)

πd + F (πd)− πe − F (πe)
(4.8)

Comparing equations 4.7 and 4.8, yields:

δmin
rpe < δmin

st ⇐⇒ (πd − πe)(F (πd)− F (πc)) < (πd − πc)(F (πd)− F (πe)) (4.9)

δmin
st can be assumed to be the consequence of market characteristics like the nature

of competition or product homogeneity. For example, under a standard Cournot duopoly

with homogeneous goods δqmin = 9/17, while under Bertrand duopoly, δpmin = 0.5. As-

suming the critical discount factor of the market is fixed (δmin
st ), it follows from Eq. 4.9

that

Proposition 2 If the condition that
F (πd)− F (πc)

F (πd)− F (πe)
< δmin

st is satisfied, collusion under

RPE is easier to sustain.

Note that even if only one manager is compensated by the RPE, the decrease in one

discount factor may be sufficient to make collusion more likely. Based on the balanced

temptation approach (Friedman, 1971), the manager with lower critical δ can sacrifice a

small amount of performance of his firm (i.e. split the market unequally) and increase

the benefit of cooperation to the other manager (similar to the model in Guigou and

de Lamirande (2015)).

4.2.3 Specifications of the RPE Component

Proposition 1 is robust under fairly general assumptions, but Proposition 2 depends on

the specification of F (πi) and the combination πd > πc > πe that defines critical minimum

discount factor. Broadly, there are three possible scenarios:

Corollary 1 If the point (πc, F (πc)) lies on the line connecting the points (πd, F (πd)) and

(πe, F (πe)), the RPE component does not have an effect on critical minimum discount

factors.

Corollary 2 If the point (πc, F (πc)) lies above the line connecting the points (πd, F (πd))

and (πe, F (πe)), the RPE component makes collusion easier to sustain.

Corollary 3 If the point (πc, F (πc)) lies below the line connecting the points (πd, F (πd))

and (πe, F (πe)), the RPE component makes collusion harder to sustain.
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For the proofs, see Appendix 4.A. Corollaries 1-3 do not require the function F (πi) to

be continuous, or only concave, or only convex. However, if the function F (πi) is linear

and continuous on the interval [πe, πd], then the condition for Corollary 1 is satisfied.

Similarly, if the function F (πi) is strictly concave (convex) on the interval [πe, πd], then

Corollary 2 (3) is satisfied. The usefulness of the general approach in Corollaries 1-3 is

that one can analyse a wider range of specification of F (πi).

4.2.4 Practical Implications

Proposition 1 only requires the RPE component to be increasing in performance of the

company πi. However, the gain from collusion alone may not be problematic for com-

petition authorities unless the resulting collusion is also more stable. Therefore, the

critical question is whether the condition in Corollary 2 is satisfied in the contracts used

in practice.

De Angelis and Grinstein (2019) and Bizjak et al. (2022) report that RPEs usually

take the form of a rank-order tournament (similar to Lazear and Rosen (1981)). In

this interpretation, the owners rank their company’s performance measure (for example,

shareholder return or profits) against the performance of the set of peers or an index5.

The manager is rewarded with an additional bonus if the performance is above a certain

rank in the tournament.

First, consider the simplest version of such a tournament. Suppose πi is the per-

formance of the manager of firm i. If the manager i’s compensation includes an own-

performance element, then without the RPE component, market conditions in his in-

dustry result in some competitive equilibrium outcome (πe), collusive outcome (πc) and

deviation outcome (πd), with πe < πc < πd. This combination of market outcomes defines

some level of critical minimum discount factor δstmin < 1.

At the end of each period t, the shareholders of firm i rank the performances of their

company against k ∈ K companies in other industries or a broad index {π1, π2, ...πk, πi}.
The manager of their firm i is rewarded with some proportion of the own-performance

metric and fixed prize (W ) if his performance is above the median of that group. Let

the performance of the median company be πm. Then, the RPE component can be

represented in the following way:

Fi,t(πi,t) =

W if πi,t > πm

0 otherwise.

The performance of the median company can be assumed to be either perfectly observable

5For examples of such contracts, see 8-k forms of Tim Cook (Apple Inc.) or Sundar Pichai (Alphabet
Inc.) provided in Appendix 4.B.
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by the manager of firm i (πm = π̂m) or be imperfectly observable6 (e.g., πm ∼ N(π̂m, σ
2
m)).

The expected value of the RPE award as a function of performance is illustrated in

Figures 4.2.1a-4.2.1b, where π̂m (indicated by the dotted blue line) is the performance of

the median firm.
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Figure 4.2.1: Different Functional Forms

First, consider the perfectly observable performance case. If all πd
i > πc

i > πe
i are on

the same line segment, the critical minimum discount factor does not change (Corollary

1). For example, suppose πd
i > πc

i > πe
i > π̂m, as demonstrated in Figure 4.2.2a. In this

case, the three market outcomes result in the same level of expected RPE grant, i.e., lie

on the line segment of Fi(πi) to the right of π̂m. Thus, points (π
e
i , Fi(π

e
i )),(π

c
i , Fi(π

c
i )), and

(πd
i , Fi(π

d
i )) lie on the same line and the condition in Corollary 1 is satisfied. However, if

πd
i > πc

i > π̂m > πe
i (as shown in Fig. 4.2.2b), then the point (πc

i , Fi(π
c
i )) lies above the

line (depicted in red) connecting the points (πe
i , Fi(π

e
i )), and (πd

i , Fi(π
d
i )). This implies

that F (πd) = F (πc) = W > F (πe) = 0, Corollary 2 is satisfied and the collusion is

more sustainable. On the other hand, if πd
i > π̂m > πc

i > πe
i , the collusion becomes less

sustainable.

When the performance is not fully observable, the expected value of the grant is

Fi(πi) = W ∗ Pr(πi > π̂m) which depends on the cumulative distribution function (cdf)

of πm. However, any cumulative distribution function F : R → [0, 1] would have intervals

where the condition in Corollary 2 is satisfied7. In the case of the normal cdf, the

function Fi(πi) is concave to the right of π̂m. Therefore, for some combination of πd
i >

πc
i > πe

i , tournament structure with imperfectly observable performance would result in

more stable collusion. One example is illustrated in Figure 4.2.2c.

Although the provided examples may initially seem somewhat limited in scope, their

underlying structure corresponds to actual contractual frameworks, such as that of Sundar

6For example, if the manager of firm i can only guess the performance of other companies when
making his strategic action.

7This follows directly from the definition of the cumulative distribution function. As any cdf is non-
decreasing and bounded, it cannot be convex on the entire domain R. See the proof of Proposition 3 in
Appendix 4.A.
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Figure 4.2.2: Illustrative Examples

Pichai (Alphabet Inc. (2022) in Appendix 4.B). Extending this setting to a more general

approach, studies by De Angelis and Grinstein (2019) and Ma et al. (2021) describe a

typical RPE award scheme. The scheme consists of three different levels: a baseline

payout for minimum performance levels, an expected payout associated with achieving

standard performance targets, and a capped payout for exceptionally high-performance

levels (Do et al., 2022). Figure 4.2.3 visualises8 the relationship between payout value

and performance (as the rank relative to peer performance).
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(a) Stepwise RPE Scheme
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(b) Linear Interpolation RPE Scheme

Figure 4.2.3: Illustrations of Compensation Structures

When the firm’s performance is in the lowest 25th percentile compared to RPE peers,

managers are ineligible for bonuses or shares. Beyond this threshold, compensation in-

creases progressively with each rank. Some RPE compensation awards allow for inter-

polation between the minimum performance and maximum performance (Fig. 4.2.3b),

while others employ a clear step-wise structure (Fig. 4.2.3a). The maximum payout is

capped for performances within the top 25th percentile. Both payout structures contain

8Similar representations can be found in Gong et al. (2011), De Angelis and Grinstein (2019) or Do
et al. (2022).
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intervals where Corollary 2 is satisfied. In the case of step-wise payoffs, collusion is easier

to sustain if collusive performance (πc) and deviation performance (πd) fall onto the same

line segment while equilibrium performance doesn’t. In the case of linear interpolation

(Fig. 4.2.3b), if the performance of the firm under competitive equilibrium (πe) falls above

the bottom 25 percentile, then including such RPE in executive compensation is either

neutral with respect to collusion stability (on the linear interval) or anti-competitive due

to the concave interval.

As discussed in Do et al. (2022), most RPE payout structures are convex in the lower

half and around the target performance but concave in the upper half. Furthermore,

the maximum payout is usually capped with respect to performance (i.e. if the firm

outperforms the 75th percentile of its peers). Broadly,

Proposition 3 If the RPE component F (πi) is bounded from above, there exists an in-

terval πi ∈ [πe, πd] such that the condition in Corollary 2 is satisfied.

For the proof, see Appendix 4.A. In other words, commonly used RPE awards, i.e.,

that either use tournament structure or are in some other way capped with respect to

performance, contain intervals where collusion is easier to sustain.

Regions, where the condition in Corollary 2 is satisfied, depend on the exact values of

πd
i , π

c
i , π

e
i and the performance of the median firm π̂m. If the peer group is constructed in

a way that the benchmark companies are expected to underperform, then it is more likely

that the collusion would be more stable under the RPE metric. Using underperforming

peers puts the focal firm’s manager in the upper half of the payout structure, which is

usually concave (Do et al., 2022). Gong et al. (2011) and Bizjak et al. (2022) both report

that it is common that RPE firms are more likely to select peers who are expected to

perform poorly9.

The extent to which including RPE awards changes the critical minimum discount

factor depends on the size of the RPE bonus compared to the own-performance sensitivity

parameter (indicated by W and γ, respectively). In an extreme case where γ is close to

0 or when the size of the payout is relatively large, the impact of the RPE award on the

critical discount factor would become larger (this follows from Eq. 4.8). For example,

consider the perfectly observable tournament setting and πd
i > πc

i > π̂m > πe
i . Then,

δmin =
wrpe(π

d)− wrpe(π
c)

wrpe(πd)− wrpe(πe)
=

πd + F (πd)− πc − F (πc)

πd + F (πd)− πe − F (πe)
=

=
πd +��W − πc −��W

πd +W − πe − 0

Hence,

9One potential explanation for such behaviour is based on the rent-extractions hypothesis (Bebchuk
et al., 2002). See Edmans et al. (2017) for a review and Dikolli et al. (2017) for the model on CEO power
influencing the choice of the RPE peer group.
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lim
W→∞

δmin → 0 (4.10)

Do et al. (2022) observe in their study of major firms that attaining top-tier perfor-

mance results in a significant increase in CEO compensation, amounting to $4.2 million

bonus. This increment is notable as it forms a substantial part of the $7.3 million median

total compensation for CEOs in their sample. Put differently, the effects of the RPE on

the stability of collusion can be further amplified by the size of the payout.

4.2.5 Discussion

The presented model isolates one aspect of RPE awards10 - its main objective is to

illustrate the strategic consequences of the RPE awards that exclude competitors. The

intuition behind the results is very straightforward. Once an additional structure (e.g.,

tournament) is imposed on the managers by the RPE contracts, the managers benefit

from cooperating at the market level, as if forming a team against all other companies

in the relative performance benchmark groups. If the RPE component is concave (or has

concave intervals) with respect to performance, collusion under RPEs may become easier

to sustain. Thus, at least for some companies, RPEs have anti-competitive effects. This

conclusion contrasts the popular opinion that RPE bonuses are pro-competitive or, at

minimum, neutral in their effects on collusive tendencies (Walker, 2019).

These theoretical predictions are of immediate concern to antitrust authorities as they

align with current practices in RPE-based remuneration. As reported by De Angelis and

Grinstein (2020), 88 per cent of companies use rank-order tournaments with concave

intervals. Analyses by Albuquerque (2009), Gong et al. (2011), and Bizjak et al. (2022)

report significant heterogeneity in the selection of benchmark peer groups used in such

tournaments. For example, De Angelis and Grinstein (2020) show that a third of all

peer group companies do not belong to the same 2-digit standard industrial classification

(SIC) code as the respective firm. Furthermore, even if the chosen peer group contains

direct competitors, the size of the peer group may be large enough11 for anti-competitive

effects to be dominant (i.e. bringing Assumption 2 closer to being satisfied). Ma et al.

(2021) and Bizjak et al. (2022) show that a significant amount of firms use either a

global index (e.g., S&P 500) or an industry-specific index (See Table 4.C.1, Appendix

4.C). Furthermore, Ma et al. (2021) mention that compensation consultants often suggest

using a broad market index, potentially exacerbating the problem.

10One possible extension is to include costly effort levels of the manager, similar to Salas Fumas (1992)
or Asseburg and Hofmann (2008). See Appendix 4.D for a brief note.

11Ma et al. (2021) reports that the average peer group size is around 18 companies. Therefore, for
concentrated industries, non-competitor firms outnumber direct competitors in the reference set.
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4.3 Empirical Validation

The theoretical model presented in Section 4.2 demonstrates how RPE awards without

competitors can induce collusive tendencies. Several recent12 works have examined the

relationship between RPE awards, peer group composition, and market dynamics. How-

ever, these works focus primarily on the RPEs that include direct competitors.

Feichter et al. (2022) explore how peer group overlap influences competitive behaviour.

Peer group overlap refers to the scenarios where two firms select each other as part of

their respective RPE reference groups. The data suggests that peer overlap is more

likely to happen between firms in the same industry, i.e., direct competitors (Feichter

et al., 2022, Table 4 Panel D). As complete information about the firm’s strategic choices

is often unavailable, the authors measure competitive aggressiveness as the volume and

complexity of strategic actions based on the publicly available articles in business journals.

The analysis is mostly based on observational data13. The results suggest that a higher

level of peer group overlap in concentrated markets increases competitive aggressiveness.

The conclusion in Feichter et al. (2022) is congruent with the “sabotage” hypothe-

sis. According to the sabotage hypothesis, executive managers are encouraged to use

aggressive competitive strategies when the RPE benchmark includes direct competitors.

Based on this conjecture, firm owners may be reluctant to construct the RPE peer group

in this manner. However, if the firms establish a collusive agreement, the owners may

enjoy the benefits of RPEs without their adverse effects on the product market strate-

gies. By examining the relationship between explicit cartels and RPEs that include direct

competitors, Bloomfield et al. (2023) support this conjecture. Their analysis shows that

cartel members are more likely to use RPEs and select competitors as part of the RPE

reference group. The firms are also more likely to drop such RPEs when the cartel is

dissolved.

Both Feichter et al. (2022) and Bloomfield et al. (2023) assume RPEs do not signif-

icantly affect the market strategies if the reference peer group excludes competitors14.

Furthermore, as noted in Section 4.2.4, important conditions for the collusion to be more

12Early research primarily focused on explaining the “RPE puzzle”, i.e., the observed paucity of
relative performance evaluation practices in executive compensation. Prior to 2006, the exact details of
the contracts or the composition of the peer groups were not publicly available. Thus, previous studies
used a regression-based approach to estimate the use of RPE metrics. See Kabitz (2017) for a survey.
More recent works use explicitly disclosed incentives and peer groups, e.g., Gong et al. (2011), Angelis
and Grinstein (2019), Do et al. (2022) and Bloomfield et al. (2023).

13The study also uses a difference-in-difference approach, exploiting the fact that if one of the peers
adds the focal firm to their RPE metric, the focal firm receives a new member of peer group overlap. The
authors argue it is “plausible to assume that the focal firm cannot manipulate its peers’ peer selection”.
However, according to the strategic delegation literature, this choice of the peer firm can be a direct
retaliation. Additionally, as noted in Lieberman and Asaba (2006), firms in the same industry often
imitate each other.

14Bloomfield et al. (2023) benchmark their results against firms using generic RPE (those using a
broad index), whereas Feichter et al. (2022) benchmark their results against firms with RPE but no peer
group overlap.
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likely include not only the absence of direct competitors in the RPE peer group but also

the shape of the award (i.e., the function imposed by a tournament setting). Do et al.

(2022) is the only recent work that analyses the effects of tournament structure induced

by the RPE bonuses on corporate strategy15. In other words, the concerns highlighted

in the theoretical part of this chapter are largely overlooked in the current empirical

literature16.

Generally, establishing the causal effects of managerial compensation schemes from

observational firm-level data is fraught with difficulties. As noted in Edmans et al. (2017),

“there are almost no instrumental variables or natural experiments that create as good-

as-random variation in compensation contracts” (Edmans et al., 2017, p.387). Deci-

sions about whether to use RPE awards and how to compose the benchmark peer group

are highly endogenous and depend on many other variables, e.g., market concentration

(Bloomfield et al., 2023), type of competition (Vrettos, 2013) or CEO power (Dikolli

et al., 2017). Hence, estimating the effects of RPE awards on market dynamics would

inadvertently suffer from selection bias. Validating the theoretical predictions of this

chapter poses further challenges, as the proposed model focuses on the strategic aspect of

the RPE awards and serves primarily as the illustration of a potential mechanism. The

firm’s performance and competitive stance would depend on the CEOs’ effort and abil-

ity, which, in turn, would also be affected by the RPE-based contract scheme. In other

words, isolating the strategic effects of the RPE-based bonuses using observational data

would be problematic. Furthermore, the effects of the RPE awards on collusive tendencies

would also depend on the type of own-performance bonuses (Spagnolo, 2000; Lambertini

and Trombetta, 2002) and would require a complete description of the contract terms,

including performance targets and personal holdings of executive managers17. This data

is often not publicly available. Lastly, detecting collusive behaviours introduces addi-

tional complications in the analyses, given that such actions are frequently clandestine

and illegal under antitrust laws.

Given these constraints, this chapter proposes a lab experiment to validate its the-

oretical conclusions. Unlike observational data, a controlled experimental environment

provides a way to test theory predictions and establish an unambiguous causal relation-

ship (Normann and Ruffle, 2011). In the context of the proposed model, experimental

analysis avoids problems with observational firm-level data due to exogenous contract

allocation and perfect observability of compensation contracts and market strategies. Ul-

15More specifically, Do et al. (2022) look at corporate risk-taking and analyse long-term RPE incentives.
The authors report that if a firm performs poorly during the initial part of the evaluation period, it takes
more risks for the remainder of the period.

16Findings in Feichter et al. (2022) could also be interpreted as RPE without overlap resulting in
less competitive aggression (i.e., partial collusion in line with predictions in Section 4.2). However, the
authors do not estimate competitive aggression for non-RPE firms.

17Managers can use available financial instruments to self-hedge against risk (Diser and Hofmann,
2018), which would have similar implications as the explicit incentive provided by the RPE contract.
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timately, validating theoretical predictions in a simplified environment would serve as an

invitation for a closer examination of the current practices in executive compensation.

4.3.1 Experimental Design Proposal

The first step in experimental design is to define a clear research objective. In this case,

the experiment’s aim follows directly from theoretical considerations described in the

main body of the paper and reports of the contracts used in practice. The research

question can be summarised in the following way:

Do the RPEs with a tournament structure and without direct competitors

increase collusive tendencies?

Answering this research question necessitates an experimental environment that aligns

with the Assumptions 1-3 made in the theoretical model. The model is robust with

respect to the type of competition. Consider a market environment where the following

static game is repeated over an infinite horizon with a constant discount rate δ.

1. 2N firms compete in N symmetric quantity-setting duopoly markets, i.e. Cournot

duopolies. Let i and j denote any two companies that compete against each other

in one market. The firms face inverse demand P = a − qi − qj and have constant

marginal costs c. Each company’s profits in the market are πi = (a− c− qi − qj)qi.

2. In each market, decisions about the quantity (qi and qj) are made by the managers

of the firms in that market.

3. Each manager is compensated by either a contract that depends only on absolute

performance evaluation (wape
i ):

wape
i = πi

or includes an RPE component (wrpe
i ):

wrpe
i = πi +RPE

where πi is the profits of company i and RPEi is the relative performance compo-

nent.

4. The RPE component is a simple rank-order tournament of 2N − 1 firms, i.e. all

2N firms excluding direct competitor of the firm i. The manager receives an extra

bonus W if his company’s performance πi is median or above compared to all other

firms.

RPEi =

W if πi ranks in the top N companies excluding the competitor company j

0 otherwise.
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Ties in the ranking are broken randomly.

5. Individual profits of each company are observable after each period (to every man-

ager). Furthermore, each individual manager knows his contract and whether he

has received the bonus at the end of each period.

The basic structure of the RPE component corresponds to the rank-order tournaments

observed in practice. The RPE component is non-decreasing in profits (πi), satisfying

Assumption 1. The RPE component is a rank-order tournament that excludes direct

competitors, satisfying Assumption 2. Lastly, any two firms (say, i and j) compete in

isolated industries. Consequently, their actions cannot change the profits of other firms,

and other firms’ actions cannot change the profits of firms i and j, satisfying assumption

3.

Suppose there are three conditions:

• Condition 1 (Control - C):

– In this condition, none of the managers in the market are under Relative

Performance Evaluation (RPE) contracts. Instead, the compensation for all

2N managers is solely based on their respective company’s performance (wape
i ).

• Condition 2 (Treatment Full - TF):

– In this condition, all managers (2N) are compensated with an RPE contract

(wrpe
i ).

• Condition 3 (Treatment Half - TH):

– In this condition, half of the managers (N out of 2N) have compensation

contracts that include an RPE component (wrpe
i ). In the simplest setting, the

contract allocation is random on the individual level but is fixed on the market

level. In other words, either both managers in the market are compensated

with the RPE contract, or both managers are compensated with the APE

contract. This pattern ensures comparability with the other conditions.

Theoretical Predictions

Note that neither the static Nash Equilibrium nor collusive quantity choices change in the

above setting if the RPE component is added to the managers’ compensation. However,

a broad range of possible collusive strategies can be sustained if the game is played over

an infinite horizon.

First, consider Condition 1, where each individual market is a standard Cournot

duopoly. In this scenario, collusion can be sustained if δ > δmin
ape = 9/1718.

18Using a grim-trigger strategy. See Feuerstein (2005a) for a review and comments by Kuhn (2005).
Cabral (2005) and Feuerstein (2005b) for a discussion.
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Next, consider Conditions 2 and 3, where some of the managers are compensated with

an RPE-based contract. The RPE component is structured as a rank-order tournament.

Without loss of generality, focus on the decisions of an individual manager with an RPE-

based contract. In the worst scenario (i.e., when every other (N−1) market is colluding),

his critical minimum discount factor will be lower than the critical minimum discount

factor in a standard Cournot duopoly. Proposition 2 states that δmin
ape > δmin

rpe if

F (πd)− F (πc)

F (πd)− F (πe)
< δmin

ape =
9

17

The equilibrium profits of πe would have no chance of winning W since all other N − 1

markets collude. Collusive payoff πc would result in a tie with other colluding firms. The

expected value of the prize would be WN
2N−1

. Individual deviation payoff πd would then

put the manager’s company first in the rank-order tournament, resulting in the prize of

W . Therefore,

F (πd)− F (πc)

F (πd)− F (πe)
=

W − WN
2N−1

W − 0
=

N − 1

2N − 1
<

1

2
< δmin

ape

If some markets do not collude, then the critical minimum discount under RPE becomes

even lower as WN
2N−1

would be larger. This would imply that the effect on the critical

minimum discount factor would be more pronounced in Condition 3, as the markets with

only APE contracts would find it harder to sustain collusion.

Testable Hypotheses

A direct implication of the theoretical predictions is that average observed quantities

are lower in the markets where the RPE component is present. The decrease in critical

discount factors is generally associated with an increase in the rates of cooperation. Thus,

more markets would collude (i.e., choose lower quantities) if the critical minimum discount

factor is lower19. The first testable hypothesis can be summarised in the following way:

Hypothesis 1 The average observed quantities in the markets in Condition 1 (i.e., where

no managers are compensated with RPE contracts) would be higher than the average

observed quantities in markets in Conditions 2 and 3 (i.e. when, at least in some markets,

managers are compensated with the RPE contract).

19See Blonski et al. (2011) and Blonski and Spagnolo (2015) for a discussion on critical minimum
discount factors.
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Additionally, the theoretical prediction can be interpreted in terms of the likelihood

of observing partial collusion markets. A partially collusive market is any market with

total output below the static Nash Equilibrium (Haan et al., 2009). Consequently,

Hypothesis 2 The likelihood of observing partially collusive markets in Condition 1

(i.e., where no managers are compensated with RPE contracts) would be lower than the

likelihood of observing partially collusive markets in Conditions 2 and 3 (i.e. when, at

least in some markets, managers are compensated with the RPE contract).

Experimental Procedures

Conducting an experiment in an infinitely repeated setting is not feasible in a lab set-

ting. The standard approach for simulating such an environment is based on a random

termination procedure as suggested by Roth and Murnighan (1978). In other words, par-

ticipants engage in indefinitely repeated games that end in a finite time, with the exact

time of the end unknown to the players. This approach is implemented in Chapter 3.

Based on the testable hypotheses, the proposed design contains the following steps

for an experimental session of size 2N :

1. Introduction to the environment:

• Participants get the full description of the market environment, including the

number of firms in the market, the inverse demand function and the profit

function of each company.

• Participants act as managers of their respective firms. To help participants

with their decisions, they are given a profit calculator.

• Participants receive information about the random termination procedure.

2. Practice round (not payoff relevant):

• Participants are randomly matched in Duopoly markets and play one practice

supergame under wape. The matching is constant during the duration of the

supergame.

• At the beginning of each period, each participant submits his quantity choice.

• After each period, participants receive information about the competitor’s

action and the resulting profits of both companies in their market.

• Additionally, after each period, participants receive information about the

profits (but not actions) of all other 2N − 2 companies.

3. Decision stage (payoff relevant):
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• Depending on whether the session is under Condition 1, 2 or 3, the participants

are assigned either wape or wrpe. In Condition 1, every participant is compen-

sated with wape. In Condition 2, every participant is compensated with wrpe.

In Condition 3, half of the participants are compensated with wape and half

with wrpe. The assigned contract is constant for the duration of the session.

• Participants under the wrpe contract receive full information about the nature

of the RPE component. At the end of each period, if their company’s profits

are in the top N companies (excluding their direct competitor), they receive

an additional bonus of W .

• The participants are matched with a new participant. They then make re-

peated decisions until the end of the supergame.

• Throughout the decision stage, participants receive the same information as

during the practice round (i.e., the actions of their competitors and the profits

of each company in the session).

4. Payment:

• After the conclusion of the decision stage, the participants are paid cumu-

lative compensation (i.e., the sum of per period payoffs) in accordance with

their assigned contract. The compensation is bounded from below. In other

words, participants cannot earn negative total payoff (but can earn negative

compensation in one period).

Described experimental procedures imply a complete between-subject design. Addition-

ally, it is possible to run multiple supergames during the decision stage to increase the

number of observations and the statistical power of the analysis. As market parameters,

I suggest using a = 100 and c = 0 to ensure comparability to the setting described in

Chapter 3. Based on these parameters, the market conditions yield the following:

Static equilibrium quantities: qei = qej = 33

Static Equilibrium Profits: πe
i = πe

j = 1122

Collusive Quantities: qci = qcj = 25

Collusive Profits: πc
i = πc

j = 1250

Similar to Chapter 3, the probability of continuing the supergame at each round is p =

90%. The average length of the supergame is 10. The value of the per period prize is

W = 300. The maximum average compensation of an individual participant would be:

Collusive Compensation: 1250

RPE component (assuming half of the participants receive the prize): 150
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Total (based on the average supergame duration): 14000

Assuming the exchange rate of 1000 Experimental points = 1 EUR, the maximum per

person cost is estimated to be 14 euros, excluding the participation fee. Based on the

data from the experiment in Chapter 3, the actual costs would be lower due to more

competitive outcomes.

4.3.2 Notes on Practical Implementation

The initial exploratory step could be performed by running Condition 1 with either

Condition 2 or Condition 3. Although Condition 2 results in more markets with managers

incentivised by the RPE contracts, it can be argued that the collusive effects would be

more pronounced in Condition 3.

Suppose Conditions 1 and 2 are run as a preliminary study. For the tests of the

Hypothesis 1, I suggest using a linear mixed model of the following form:

Qit = β0 + β1RPEi + Periodt + ηi + ϵit (4.11)

Where Qit is the quantity observed in the market i in period t, RPEi is a dichotomous

variable taking the value 1 if the market had both managers under the RPE contract and

0 otherwise, Periodt is a dummy variable for each period, ηi is a market-specific random

effect (assumed to be independently and normally distributed) and ϵit is a period-specific

error term.

The proposed experimental procedures imply a complete between-subject design where

each participant plays exactly one market (beyond the practice round). For 2N partici-

pants, the proposed procedures yield N market observations or 10N period observations.

Figure 4.3.1 illustrates the power of this approach based on an equal split between con-

ditions 1 and 2.

The power estimations in Figure 4.3.1 are computed using 1000 simulations for each

combination of the treatment effect (i.e., β1) and the number of markets (N). The power

is calculated as the proportion of 1000 simulations that correctly rejected the null hy-

potheses (H0 : β1 = 0) at a 5 per cent significance level after running the proposed

regression (Eq. 4.11). The data was generated in R using the “simstudy” package (Gold-

feld and Wujciak-Jens, 2020), and regressions were run using the “lme4” package (Bates

et al., 2015).

The simulations used the following data-generating processes. The average observed

quantity without RPEs (β0 in the regression equation) is assumed to be 63. This choice

corresponds to the mean of the market quantities observed in Chapter 3 under the same

market conditions. The market-specific random effect is assumed to be ηi ∼ N (0, 112) and

period specific error to be ϵit ∼ N (0, 52). Combined, these effects are close to the variance

of quantities observed in Chapter 3. The chosen parameters are much more conservative
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Figure 4.3.1: Power Analysis

than those described, for example, in Huck et al. (2004b), who report a standard deviation

of around 7 in duopoly Cournot markets with similar parameters. The treatment effect of

the RPE component (β1) is assumed to be −3 (Small), −7 (Medium), and −11 (Large).

If all markets where both managers’ compensations involve the RPE component collude

perfectly, the observed effect would be −13.

Figure 4.3.1 suggests that to have an 80 per cent chance of detecting the medium-size

effect of RPE bonus structure, the experiment would require around 80 markets (800

per-period observations) or 160 participants. If the participants play more supergames

(i.e., participants are re-matched after the market concludes) or the supergames last

longer than ten periods (i.e., the probability of continuing the supergame at each round

is p > 90%), the number of participants could be reduced.

4.3.3 Discussion

The proposed experiment is tailored to test the strategic implications of the RPE awards

without competitors. The structure of the RPE awards in the proposed framework mir-

rors the contracts commonly observed in practice. However, the suggested design makes

several steps to simplify the experimental environment. The firms and contract alloca-

tions are symmetric, and the markets are quantity-setting duopolies. This specific context

might limit the applicability of the experimental results to different industry settings or

broader market conditions, e.g., asymmetric contract allocation, a larger number of firms,

price competition or heterogeneous goods. Although the suggested design may reduce

the study’s external validity, it allows for establishing an unequivocal causal relationship

between RPE awards and collusive tendencies. Demonstrating this link within a simpli-

fied setting is a fundamental step towards understanding the full range of effects of the

currently used compensation schemes.
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The outlined experiment aims to contribute to several strands of literature. Most

importantly, the proposed experiment offers an exciting opportunity to test a novel per-

spective on RPE awards, thus adding to a large body of work on tacit collusion and

market competition (Engel, 2015). If the predictions are validated, the experimental

results can have immediate implications for policymakers, as the concerns highlighted

in the theoretical part of this chapter are unaddressed in the literature. Additionally,

the RPE awards in the proposed experiment employ a rank-order tournament. However,

managers under RPE-based contracts do not necessarily compete against other managers

who are in the reference peer group (De Angelis and Grinstein, 2020). Furthermore, their

compensation and performance depend not only on their effort but also on their strategic

choices. This strategic aspect is not explored in the current experimental literature on

tournaments and contests (Dechenaux et al., 2014).

The experimental design can also be modified to accommodate further research ques-

tions. For example, the RPE component can include direct competitors, thereby checking

whether the pro-competitive effects of the RPEs are sufficient to nullify incentives to col-

lude. Additionally, if the RPE component is replaced with a fixed target instead20, the

experiment can be then interpreted as a test of the income-smoothing hypothesis in Spag-

nolo (2005). Lastly, running Condition 3 also offers opportunities for additional analysis.

Since the participants can see the profits of other companies (due to perfect observabil-

ity) in all conditions, if managers under the RPE contracts do indeed collude more often,

managers under APE may change their behaviour. The latter could be seen as a side

effect of the RPE contracts on managers with APE contracts.

4.4 Conclusion

This chapter explores the effects of RPE bonuses that do not include direct competitors

on market dynamics. The theoretical analysis demonstrates that depending on the pay-

out structure, RPE awards constructed in this manner may encourage collusion and make

it easier to sustain. Compensation contracts in use today often contain intervals where

that is the case, e.g., those employing a tournament-like structure. These concerns are

predominantly overlooked in the existing literature on RPE-based bonuses. Thus, this

chapter proposes an experimental design as a preliminary step in validating its theoret-

ical predictions. Ultimately, establishing a clear causal link in a controlled environment

would serve as a call for a more critical examination of the current practices in executive

compensation.

20Murphy (2000) reports that own performance bonuses often have the same structure as the RPEs
in Figure 4.2.3b. In other words, they are usually capped with respect to performance, thereby inducing
the same concave function on the managers.



4.A Calculations and Proofs 141

Appendix 4.A: Calculations and Proofs

Proof of Corollary 1

Suppose (πc, F (πc)) lies on the line connecting the points (πd, F (πd)) and (πe, F (πe)), and

πd > πc > πe. It then follows that for some γ ∈ (0, 1), such that πc = (1− γ)πd + γπe, it

also holds true that F (πc) = (1− γ)F (πd) + γF (πe). Thus,

F (πc) = (1− γ)F (πd) + γF (πe)

F (πc) = F (πd)− γF (πd) + γF (πe)

γ(F (πd)− F (πe)) = F (πd)− F (πc)

γ =
F (πd)− F (πc)

F (πd)− F (πe)
(4.12)

By the same logic, if πc = (1− γ)πd + γπe:

πc = (1− γ)πd + γπe

γ =
πd − πc

πd − πe
= δmin

st (4.13)

From Eq. 12-13, it then follows:

δmin
rpe =

πd + F (πd)− πc − F (πc)

πd + F (πd)− πe − F (πe)
=

γ(πd − πe) + γ(F (πd)− F (πe))

πd + F (πd)− πe − F (πe)
= γ = δmin

st

Proof of Corollary 2

Suppose (πc, F (πc)) lies above the line connecting the points (πd, F (πd)) and (πe, F (πe)),

and πd > πc > πe. It then follows that for some γ ∈ (0, 1), such that πc = (1−γ)πd+γπe,

the following inequality holds F (πc) > (1− γ)F (πd) + γF (πe). Thus,

F (πc) > (1− γ)F (πd) + γF (πe)

F (πc) > F (πd)− γF (πd) + γF (πe)

γF (πd)− γF (πe) > F (πd)− F (πc)

γ(F (πd)− F (πe)) > F (πd)− F (πc)

γ >
F (πd)− F (πc)

F (πd)− F (πe)
(4.14)
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Since πc = (1− γ)πd + γπe, Eq. 4.13 still holds. Hence,

F (πd)− F (πc)

F (πd)− F (πe)
< δmin

st (4.15)

and the result 2 holds.

Proof of Corollary 3

Same as the proof of Corollary 2.

Proof of Proposition 3

Consider F (πi) : R → R which is increasing and bounded from above.

Suppose the function F (πi) does not contain intervals where Corollary 2 is satisfied.

Then for any πd > πc > πe and some γ ∈ (0, 1), such that πc = (1 − γ)πd + γπe, the

following inequality holds F (πc) ≤ (1 − γ)F (πd) + γF (πe). Consequently, this implies

that F (πi) is convex. If the function is convex and bounded, it is also constant.

Thus, if F (πi) is not globally constant (i.e., increasing) and bounded, it must contain

intervals where Corollary 2 is satisfied.
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Appendix 4.B: Examples of RPE

Tim Cook - Apple Inc. (2013), Form 8-K. Date: June 21, 2013

As a result of the adoption of a performance component and regular performance mea-

surements, and the absence of a performance multiplier, the Committee has modified Mr.

Cook’s 2011 award of one million RSUs to vest as follows: 100,000 RSUs remain sched-

uled to vest on August 24, 2016; 100,000 RSUs remain scheduled to vest on August 24,

2021; the balance of 800,000 RSUs is separated into ten equal tranches of 80,000 RSUs

each that vest over the ten-year life of the award.

The Committee considered what percentage of Mr. Cook’s unvested one-year RSU

tranches to place at risk under the new performance criteria. Because Mr. Cook faces only

downside risk from the modification, the Committee believed that less than 50% should

be placed at risk. Mr. Cook, however, expressed a strong desire to set a leadership

example in the area of CEO compensation and governance and requested a larger at-risk

percentage. Accordingly, the Committee is placing 50% of the RSUs at risk in each future

annual performance-based tranche.

The relative TSR criteria will be applied to each 80,000 RSU tranche

scheduled to vest on each anniversary of the original August 24, 2011 grant

date, and will compare Apple’s TSR to the TSR of the companies in the

S&P 500 using public data derived from Standard and Poor’s. If Apple’s

performance is within the top third of that group, the RSUs in the tranche for

that year will vest in full. If its performance is in the middle third, the RSUs

in the tranche for that year will be reduced by 25%, and if its performance is

in the bottom third, the RSUs in that tranche will be reduced by 50%.

Sundar Pichai - Alphabet Inc. (2022), Form 8-K. Date: December 19, 2022

The Committee currently follows a triennial grant cycle for CEO equity awards. Mr.

Pichai’s last equity award was granted in December 2019.

As with the 2019 award, the award consists of both performance-based and time-based

equity. The vesting of a significant portion of the award will depend on Alphabet’s total

shareholder return (relative to S&P 100 companies) (“TSR”), and this performance-based

equity may not vest at all.

The Committee recognizes Mr. Pichai’s strong performance as CEO. The on-target

value of the award is unchanged from the 2019 award. However, relative to the 2019

award, the Committee made two design changes such that more of the award’s vesting

dependent on performance: (1) increased the proportion of performance stock

units (“PSUs”) to 60% from 43%, and (2) increased the performance require-

ment for on-target PSU payout to 55th percentile from 50th percentile of
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TSR. These changes further align Mr. Pichai’s compensation to long-term

shareholder value creation and Alphabet’s stock performance relative to the

S&P 100 over the applicable performance periods.

For this triennial award, Mr. Pichai was granted two tranches of PSUs with a target

value of $63,000,000 each. The target number of PSUs was calculated by dividing the

target value of the total PSU grant by the average closing price of Alphabet’s Class C

capital stock during the month of November 2022 (the “Average Closing Price”). The

PSUs will vest, if at all, based on the TSR performance over a 2023-2024 performance

period for the first tranche and over a 2023-2025 performance period for the second

tranche, subject to continued employment on each applicable vesting date. Depending

upon Alphabet’s TSR performance, the number of PSUs that vest in a tranche will range

from 0%-200% of target.
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Appendix 4.C: RPE Usage and Peer Group Type

Table 4.C.1: RPE Usage Statistics (2006-2017)

Year N RPE (%) Select Peers (%) Broad Index (%) Industry Index (%)

2006 1,486 19.2 69.7 18.7 22.5
2007 1,467 20.9 73.0 16.8 20.1
2008 1,436 21.9 70.3 19.0 21.3
2009 1,414 23.7 72.6 18.1 18.4
2010 1,396 27.1 75.0 17.6 17.0
2011 1,382 30.2 72.7 19.2 15.8
2012 1,378 35.8 70.7 19.7 18.9
2013 1,378 40.0 66.1 21.7 22.4
2014 1,357 43.6 64.8 22.6 23.1
2015 1,321 45.9 59.4 21.6 25.1
2016 1,244 50.1 57.0 21.7 28.8
2017 1,223 53.2 48.4 21.8 36.9

Notes: The data originates from ISS Incentive Lab (IL) and is extracted from proxy state-

ments (DEF 14A), capturing detailed information on Relative Performance Evaluation (RPE)

awards granted to executive officers spanning the years 2006–2017. The table describes the

prevalence of RPE usage among the largest 750 US firms (this set changes from year to year,

with back and forward-filling - hence the number of the firms changing), measured by market

capitalisation in each respective year. The panel also provides insights into the various peer

group types employed for benchmarking during this period. Rows and columns may not add

up to 100% because firms can use more than one RPE award with different characteristics. The

table is lifted from Bizjak et al. (2022) - Table I, panel A.
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Appendix 4.D: Possible Extension
There are several restrictive assumptions that can be expected to be met with scepticism.

The model considers only the strategic aspect of managers’ performances. Thus, managerial

contracts are assumed to be exogenous, profits and performances are perfectly observable, and

the managers’ efforts play no role. Firm owners have no incentives to introduce RPE measures

other than to induce collusive behaviour. These limitations can be addressed by extending the

model to include managerial effort in a way similar to Salas Fumas (1992) or Asseburg and

Hofmann (2008). Both papers assume the firm’s gross profits to be separable in the manager’s

efforts and strategic actions.

Πi = πi(ai, a−i) + ei + ϵi + η

where πi(ai, a−i) is the profit function of the firm that depends on strategic actions (ai, a−i),

ei is the manager’s costly effort21, ϵi is a firm-specific shock for each company in N and η is

an index-wide shock (i.e. affecting all N companies in the economy). In this setting, if the

manager is risk-averse, both γ > 0 and the RPE component can be justified from the efficiency

perspective.

Introducing noise on the company level makes the model less tractable. Proposition 1 is

expected to hold, as the collusion would still increase firms’ gross profits. The precise conditions

for Proposition 2 would depend on the coefficients of risk aversion of the manager and the change

of probability of outperforming the median firm in the index N . It is also reasonable to assume

that the effort levels of the CEOs may decrease since they can achieve a higher probability of

winning via collusion, which is costless from their perspective.

21Both Salas Fumas (1992) and Asseburg and Hofmann (2008) propose that manager can, for example,
decrease fixed costs in period t, depending on his effort.
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Chapter 5

Overall Discussion and Conclusion
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5.1 Summary

The present thesis investigates the effects of Relative Performance Evaluation awards in

strategic environments. More specifically, the thesis poses two primary research questions:

1. What are the causal effects of Relative Performance Evaluation (RPE) bonuses on

individual strategies of the managers?

2. What are the causal effects of the presence of Relative Performance Evaluation

(RPE) bonuses on market outcomes?

Chapter 2 focuses primarily on answering the first question. The reported experiment

compares individual response functions under the standard compensation scheme (ab-

solute performance evaluation - APE) and the RPE-based compensation scheme. The

findings indicate that response functions under RPE-based contracts contain more aggres-

sive actions. In the context of the experimental framework (quantity setting duopoly),

aggressive actions are characterised by increased quantity choices. Additionally, the ex-

perimental results demonstrate that RPE awards increase the likelihood of over-aggressive

behaviour. When participants were incentivised by the RPE-based contract, they were

more likely to sacrifice not only their company’s profits but also their compensation to

harm their direct competitors. In other words, the findings demonstrate that RPE awards

encourage more aggressive behaviour than the theory predicts.

Chapter 2 employs a static environment to elicit individual response functions un-

der both contracts. In contrast, Chapter 3 investigates dynamic settings and compares

duopoly market outcomes under different compensation scenarios: where no, one, or both

managers receive RPE-based contracts. It distinguishes between environments that only

allow tacit collusion and those where managers can form explicit agreements (i.e., engage

in cartel-like behaviour). Experimental data reveals that markets become more compet-

itive if participants’ compensation includes an RPE-based bonus. This outcome can be

seen as a direct consequence of the changes in individual strategies described in Chapter

2. However, the possibility of making explicit agreements subdues this pro-competitive

effect of the RPE awards. The experimental results also suggest that these agreements

are less stable under RPE-based compensation.

Chapters 2 and 3 assume that the RPE awards include firms in the same indus-

try and provide conclusive evidence that RPE awards of this kind intensify competition

in the market. Chapter 4 adopts a different approach and explores RPE awards that

either exclude direct product market peers or use a broad market index as their bench-

mark. The presented theoretical model reveals that RPE-based compensation can be

pro-collusive when direct competitors are absent in the benchmark peer group. RPE

bonuses commonly employed in practice exhibit the described qualities that encourage

collusive tendencies. Recognising the limitations of using observational-level data to es-
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tablish a causal relationship between these specific types of RPE awards and collusion,

the chapter proposes an experimental test of its theoretical predictions. Broadly, Chapter

4 highlights that the RPE awards’ structure and the peer groups’ composition are crucial

in determining market dynamics and calls for a more critical evaluation of the current

practices in executive compensation.

5.2 Implications

Combined, the chapters in this thesis explore the intricacies of using RPE awards in both

static and dynamic strategic environments. The broader implications of the reported

findings and theoretical predictions can be evaluated from two distinct perspectives.

From the perspective of profit-maximising owners, using RPE awards with direct com-

petitors is detrimental to their firm’s performance. As evidenced by results in Chapter 3,

the firms’ profits are strictly lower if the managers’ contract includes an RPE component.

These consequences are unintended if the rationale behind using such contracts is based

on the informativeness principle (Holmstrom, 1979). However, even under the framework

of strategic delegation (Vickers, 1985; Salas Fumas, 1992), the use of RPEs is not justified

from the profit-maximising standpoint. According to the strategic delegation framework,

if one of the managers is compensated by the RPE contract while the other is compen-

sated by the standard absolute performance contract, the RPE-using firm would achieve

a more dominant market position. Findings in Chapter 3 show that the opposite is true,

as the rival manager often retaliates, thereby nullifying any advantage of committing to a

more aggressive strategy. Furthermore, as demonstrated in Chapter 2, RPE awards result

in more over-aggressive actions compared to a standard compensation scheme, suggesting

that this approach in executive compensation can amplify existing spiteful behaviours.

The latter conclusion supports Behavioural Agency Theory (Pepper et al., 2019), as it

implies that external incentives interact with internal preferences throughout managerial

decision-making processes. Therefore, incentive designers must consider the risk of in-

citing “competitive irrationality” (Graf et al., 2012) by incorporating direct competitors

into the RPE reference groups. This concern can be alleviated by excluding competitors

from the RPE benchmarks or using a broad market index. As noted in the theoreti-

cal analysis in Chapter 4, constructing peer groups in this way may have an additional

benefit for the owners, depending on the structure of the award. If the RPE award has

concave intervals or is capped, the managers are encouraged to collude, increasing the

firm’s profits. Incentive designers can take further steps to promote collusive behaviour.

For example, suppose the bonus payout structure is only concave in its upper half. In

that case, it is possible to choose under-performing peers so that the focal firm’s manager

is closer to the concave interval.

From the perspective of broader societal interests, the conclusions about RPE awards

are reversed. Chapters 2 and 3 of this thesis provide empirical evidence that RPE awards
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that include direct market peers increase competition levels and consumer surplus in

oligopolistic markets. Thus, promoting the use of such RPE awards is a viable policy

for improving allocative efficiency. For example, Walker (2019) suggests that the welfare-

enhancing effects of RPEs can counteract the negative effects of intra-industry common

ownership1 - the issue highlighted in several recent works (Benndorf and Odenkirchen,

2021; Hariskos et al., 2022). Additionally, while Bloomfield et al. (2023) report that

cartels are more likely to use RPE awards that include competitors, the results in Chapter

3 hint that doing so makes cartels less stable. Therefore, encouraging the use of RPE

awards may have the added benefit from the view of antitrust authorities. However, as

highlighted in Chapter 4, a close examination of the RPE award’s structure and reference

group composition is required for an informed policy decision. More specifically, excluding

product market peers from the relative performance analysis and using tournament-like

structures can induce collusive tendencies. Thus, the competition authorities should not

only advocate for the use of RPE awards in general but also encourage using product

market peers as performance benchmarks. For example, a recent study by Lobo et al.

(2018) implies that one way of achieving this could be increasing accounting comparability

within different industries.

5.3 Limitations and Suggestions for Further Research

Each chapter in this thesis is complemented by a discussion of its specific limitations,

providing detailed insights into the scope and boundaries of individual analyses. Build-

ing upon this foundation, this section expands the perspective to offer a holistic overview

of the broader constraints and challenges that span the entire research framework. This

comprehensive approach allows for an in-depth understanding of the overarching limita-

tions and sets the stage for identifying future research opportunities.

The primary methodology of this thesis is experimental testing, which, while robust

(Askarov et al., 2023), carries inherent limitations due to the need to define specific ex-

perimental environments. In Chapters 2-3 and the proposed experiment in Chapter 4,

a symmetric quantity-setting duopoly forms the basis for theoretical analyses. Simplify-

ing the experimental setting, as justified by Normann and Ruffle (2011), ensures strong

internal validity but may constrain the broader applicability of the findings. As Huck

et al. (2004b) and Fischer and Normann (2019) note, different market specifics like price

competition, a larger number of firms, or asymmetric cost structures might yield different

results. Therefore, a valuable direction for future research would be to investigate these

diverse market compositions.

A common issue in social science experiments, including those presented in this the-

sis, concerns potential critiques regarding sample selection. Specifically, Chapter 2 of

1Common ownership occurs “when one or more owners of a company also own shares of one or more
other companies in the same industry” (O’Brien, 2017).
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this thesis employs a general population sample, while Chapter 3 utilises a student pop-

ulation. The critical question that emerges from this approach is whether the findings

drawn from these populations can be generalised to the target population, in this case,

executive managers. In the context of market experiments, Frechette (2011) states that

“overall much of the big picture seems the same whether one looks at professionals or

students in laboratory experiments testing economic models”. This perspective suggests

that the core conclusions of this thesis are both relevant and transferable. However,

there is also considerable evidence that managers often possess different attitudes and

decision-making patterns due to their unique experiences, responsibilities and potential

self-selection (Trottier and Gordon, 2016; Urbig et al., 2019; Buser et al., 2021). Thus,

a promising yet more logistically challenging and costly avenue for future research would

be conducting field experiments with actual managers. This suggestion is exceedingly

fitting for the framework in Chapter 2, which partially explores the behavioural aspect of

the RPE awards. My co-author and I argue that our results likely underestimate the po-

tential of RPE bonuses to encourage over-aggressive behaviour. Conducting experiments

with managers could yield insights that are more directly useful for contract designers,

enhancing the practicality of our findings.

Chapters 2 and 3 of this thesis operate under simplifying assumptions, considering

linear payout structures and peer groups composed of just one competitor. While these

assumptions facilitate a clearer analysis, they may not fully capture the complexity of

real-world scenarios. As outlined in the introduction, such payout structures, similar to

accounting-based bonuses, do exist in practice. However, as the theoretical part of Chap-

ter 4 highlights, there are a variety of RPE awards payout structures, each potentially

leading to different outcomes, e.g., a rank-based tournament setting. The experimental

design proposed in Chapter 4 is tailored to include commonly used forms of RPE awards,

offering a framework that addresses this limitation. Although it initially focuses on RPE

awards that exclude competitors, this versatile design can be adapted to incorporate

different payout structures and peer groups, allowing future research to investigate how

these variations might influence outcomes. This flexibility paves the way for a deeper

exploration of the nuanced effects of RPE awards.

Lastly, the allocation of contracts in the reported experiments is deliberately exoge-

nous, a decision made to establish a clear causal relationship between RPE awards and

their effects on managerial strategies and market dynamics. However, this approach

overlooks the potential influence of managers’ preferences on their contract choices. It is

conceivable, as Bebchuk et al. (2002) suggest, that managers might influence or self-select

into remuneration structures that align with their unobservable objective functions, e.g.,

aggressive tendencies. If true, this scenario could amplify the observed effects of RPEs

on company profits and overall welfare. While Miller and Pazgal (2002) propose a the-

oretical model considering managers’ preferences, the aspect of self-selection in relation
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to compensation structures remains unexplored. Investigating this self-selection mecha-

nism could yield further insights into how personal managerial attributes interact with

compensation structures. This research direction can further complement the findings of

this thesis and be particularly relevant for practitioners.

5.4 Closing Words

This thesis investigates the effects of Relative Performance Evaluation (RPE) bonuses in

executive compensation schemes, employing an experimental approach that is both well-

established (Normann and Ricciuti, 2009; Normann and Ruffle, 2011; Potters and Suetens,

2013) in industrial economics and particularly well-suited for this research objective.

I hope the insights and methodologies presented here will serve as a foundation for

further discussions and research, broadening our understanding of the complex interplay

between executive compensation mechanisms and market dynamics.



153

Bibliography

Abreu, D. (1988). On the theory of infinitely repeated games with discounting. Econo-

metrica: Journal of the Econometric Society, pages 383–396.

Aggarwal, R. K. and Samwick, A. A. (1999a). Executive compensation, strategic com-

petition, and relative performance evaluation: Theory and evidence. The Journal of

Finance, 54(6):1999–2043.

Aggarwal, R. K. and Samwick, A. A. (1999b). The other side of the trade-off: The impact

of risk on executive compensation. Journal of Political Economy, 107(1):65–105.

Albuquerque, A. (2009). Peer firms in relative performance evaluation. Journal of Ac-

counting and Economics, 48(1):69–89.

Alekseev, A., Charness, G., and Gneezy, U. (2017). Experimental methods: When and

why contextual instructions are important. Journal of Economic Behavior and Orga-

nization, 134:48–59.

Alphabet Inc. (2022). Sunder Pichai. United States Securities and Exchange Commission.

Form 8-K.

Ambler, K., Herskowitz, S., and Maredia, M. K. (2021). Are we done yet? response

fatigue and rural livelihoods. Journal of Development Economics, 153:102736.

Amelio, A. and Biancini, S. (2010). Alternating monopoly and tacit collusion. The

Journal of Industrial Economics, 58(2):402–423.

Anderson, L. R., Freeborn, B. A., and Hulbert, J. P. (2014). Determinants of

tacit collusion in a cournot duopoly experiment. Southern Economic Journal, page

140626140857004.

Andres, M., Bruttel, L., and Friedrichsen, J. (2021). The leniency rule revisited: Ex-

periments on cartel formation with open communication. International Journal of

Industrial Organization, 76:102728.

Andres, M., Bruttel, L., and Friedrichsen, J. (2023). How communication makes the

difference between a cartel and tacit collusion: A machine learning approach. European

Economic Review, 152:104331.



154 Bibliography

Angelis, D. D. and Grinstein, Y. (2019). Relative performance evaluation in CEO compen-

sation: A talent-retention explanation. Journal of Financial and Quantitative Analysis,

55(7):2099–2123.

Apple Inc. (2013). Tim Cook. United States Securities and Exchange Commission. Form

8-K.
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Koçkesen, L., Ok, E. A., and Sethi, R. (2000). The strategic advantage of negatively

interdependent preferences. Journal of Economic Theory, 92(2):274–299.

Kuhn, K.-U. (2005). Collusion theory in search of robust themes: A comment on switgard

feuerstein’s survey. Journal of Industry, Competition and Trade, 5(3):207–215.

Lambertini, L. (2017). An economic theory of managerial firms: strategic delegation in

oligopoly. Taylor & Francis.

Lambertini, L. and Trombetta, M. (2002). Delegation and firms’ ability to collude. Jour-

nal of Economic Behavior & Organization, 47(4):359–373.

Lankoski, L. and Smith, N. C. (2017). Alternative objective functions for firms. Organi-

zation & Environment, 31(3):242–262.

Lau, S.-H. P. and Leung, F. (2010). Estimating a parsimonious model of inequality aver-

sion in stackelberg duopoly experiments. Oxford Bulletin of Economics and Statistics,

72(5):669–686.

Lazear, E. P. (1989). Pay equality and industrial politics. Journal of Political Economy,

97(3):561–580.

Lazear, E. P. and Rosen, S. (1981). Rank-order tournaments as optimum labor contracts.

Journal of Political Economy, 89(5):841–864.

Lee, Y. and Nelder, J. A. (2004). Conditional and marginal models: Another view.

Statistical Science, 19(2).

Lieberman, M. B. and Asaba, S. (2006). Why do firms imitate each other? Academy of

management review, 31(2):366–385.

Litière, S., Alonso, A., and Molenberghs, G. (2007). Type i and type II error un-

der random-effects misspecification in generalized linear mixed models. Biometrics,

63(4):1038–1044.

Litman, L., Moss, A., Rosenzweig, C., and Robinson, J. (2021). Reply to MTurk, prolific

or panels? choosing the right audience for online research. SSRN Electronic Journal.

Lobo, G. J., Neel, M., and Rhodes, A. (2018). Accounting comparability and rela-

tive performance evaluation in CEO compensation. Review of Accounting Studies,

23(3):1137–1176.



163

Lundgren, C. (1996). Using relative profit incentives to prevent collusion. Review of

Industrial Organization, 11:533–550.

Ma, P., Shin, J.-E., and Wang, C. C. (2021). rtsr: Properties, determinants, and con-

sequences of benchmark choice. Harvard Business School Accounting & Management

Unit Working Paper.

Ma, P., Shin, J.-E., and Wang, C. C. Y. (2019). rTSR: When do relative performance

metrics capture relative performance? SSRN Electronic Journal.

Malhotra, D., Ku, G., and Murnighan, J. K. (2008). When winning is everything. Harvard

business review, 86(5):78.

Maskin, E. and Tirole, J. (1988). A theory of dynamic oligopoly, ii: Price competition,

kinked demand curves, and edgeworth cycles. Econometrica: Journal of the Econo-

metric Society, pages 571–599.

Mason, C. F. and Phillips, O. R. (1997). Information and cost asymmetry in experimental

duopoly markets. Review of Economics and Statistics, 79(2):290–299.

Matsumura, T. and Matsushima, N. (2012). Competitiveness and stability of collusive

behavior. Bulletin of Economic research, 64:s22–s31.

Miguel, E. (2021). Evidence on research transparency in economics. Journal of Economic

Perspectives, 35(3):193–214.

Miller, N. and Pazgal, A. (2002). Relative performance as a strategic commitment mech-

anism. Managerial and Decision Economics, 23(2):51–68.

Müller, W. and Tan, F. (2011). Who acts more like a game theorist? group and individual

play in a sequential market game and the effect of the time horizon. Games and

Economic Behavior.

Murphy, K. J. (1999). Chapter 38 executive compensation. In Handbook of Labor Eco-

nomics, pages 2485–2563. Elsevier.

Murphy, K. J. (2000). Performance standards in incentive contracts. Journal of Account-

ing and Economics, 30(3):245–278.

Murphy, K. J. (2013). Executive Compensation: Where We Are, and How We Got There,

page 211–356. Elsevier.

Normann, H. and Ricciuti, R. (2009). Laboratory experiments for economic policy mak-

ing. Journal of Economic Surveys, 23(3):407–432.



164 Bibliography

Normann, H.-T. and Ruffle, B. (2011). Introduction to the special issue on experiments

in industrial organization. International Journal of Industrial Organization, 29(1):1–3.

Offerman, T., Potters, J., and Sonnemans, J. (1997). Imitation and adaptation in an

oligopoly experiment. Technical report, mimeo, Amsterdam University.

Oshchepkov, A. Y. and Shirokanova, A. (2020). Multilevel modeling for economists: Why,

when and how. SSRN Electronic Journal.

O’Brien, D. P. (2017). Price-concentration analysis: Ending the myth, and moving for-

ward. SSRN Electronic Journal.

Palan, S. and Schitter, C. (2018). Prolific.ac—a subject pool for online experiments.

Journal of Behavioral and Experimental Finance, 17:22–27.

Peer, E., Brandimarte, L., Samat, S., and Acquisti, A. (2017). Beyond the turk: Alterna-

tive platforms for crowdsourcing behavioral research. Journal of Experimental Social

Psychology, 70:153–163.

Pe'er, E., Rothschild, D. M., Evernden, Z., Gordon, A., and Damer, E. (2021). MTurk,

prolific or panels? choosing the right audience for online research. SSRN Electronic

Journal.

Pepper, A. and Gore, J. (2012). Behavioral agency theory. Journal of Management,

41(4):1045–1068.

Pepper, A., Pepper, B., and Barlow (2019). Agency theory and executive pay. Springer.

Potters, J. and Suetens, S. (2013). Oligopoly experiments in the current millennium.

Prendergast, C. (1999). The provision of incentives in firms. Journal of Economic Liter-

ature, 37(1):7–63.

Pustejovsky, J. E. and Tipton, E. (2017). Small-sample methods for cluster-robust vari-

ance estimation and hypothesis testing in fixed effects models. Journal of Business &

Economic Statistics, 36(4):672–683.

Rabe-Hesketh, S., Pickles, A., Taylor, C., et al. (2000). Generalized linear latent and

mixed models. Stata technical bulletin, 53(sg129):49–57.

Requate, T. and Waichman, I. (2011). “a profit table or a profit calculator?”

a note on the design of cournot oligopoly experiments. Experimental Economics,

14(1):36–46.

Ritz, R. A. (2008). Strategic incentives for market share. International Journal of In-

dustrial Organization, 26(2):586–597.



165

Roth, A. E. and Murnighan, J. (1978). Equilibrium behavior and repeated play of the

prisoner's dilemma. Journal of Mathematical Psychology, 17(2):189–198.

Salas Fumas, V. (1992). Relative performance evaluation of management. International

Journal of Industrial Organization, 10(3):473–489.

Savage, S. J. and Waldman, D. M. (2008). Learning and fatigue during choice experi-

ments: a comparison of online and mail survey modes. Journal of Applied Economet-

rics, 23(3):351–371.

Schelling, T. C. (1960). The Strategy of Conflict. Harvard University Press.

Sengul, M., Gimeno, J., and Dial, J. (2012). Strategic delegation: A review, theoretical

integration, and research agenda. Journal of Management, 38(1):375–414.

Sherstyuk, K., Tarui, N., and Saijo, T. (2012). Payment schemes in infinite-horizon

experimental games. Experimental Economics, 16(1):125–153.

Sklivas, S. D. (1987). The strategic choice of managerial incentives. The RAND Journal

of Economics, 18(3):452.

Sommet, N. and Morselli, D. (2017). Keep calm and learn multilevel logistic modeling: A

simplified three-step procedure using stata, r, mplus, and SPSS. International Review

of Social Psychology, 30(1):203–218.

Spagnolo, G. (1999). On interdependent supergames: multimarket contact, concavity

and collusion. Concavity and Collusion (March 17, 1999).

Spagnolo, G. (2000). Stock-related compensation and product-market competition. The

RAND Journal of Economics, pages 22–42.

Spagnolo, G. (2005). Managerial incentives and collusive behavior. European Economic

Review, 49(6):1501–1523.

Stackelberg, H. V. (1934). Marktform und gleichgewicht. J. springer.

Suetens, S. and Potters, J. (2007). Bertrand colludes more than cournot. Experimental

Economics, 10(1):71–77.

Sundaram, A. K. and Inkpen, A. C. (2004). The corporate objective revisited. Organi-

zation Science, 15(3):350–363.

Tirole, J. (1988). The theory of industrial organization. MIT press.



166 Bibliography

Trottier, K. and Gordon, I. M. (2016). Students as surrogates for managers: Evidence

from a replicated experiment. Canadian Journal of Administrative Sciences / Revue

Canadienne des Sciences de l’Administration, 35(1):146–161.

Urbig, D., Bönte, W., Procher, V. D., and Lombardo, S. (2019). Entrepreneurs em-

brace competition: evidence from a lab-in-the-field study. Small Business Economics,

55(1):193–214.

Van Witteloostuijn, A. (1998). Bridging behavioral and economic theories of decline:

Organizational inertia, strategic competition, and chronic failure. Management Science,

44(4):501–519.

Vega-Redondo, F. (1997). The evolution of walrasian behavior. Econometrica, 65(2):375.

Vickers, J. (1985). Delegation and the theory of the firm. The Economic Journal, 95:138.

Vrettos, D. (2013). Are relative performance measures in CEO incentive contracts used

for risk reduction and/or for strategic interaction? The Accounting Review, 88(6):2179–

2212.

Waichman, I., Requate, T., and Siang, C. K. (2010). Pre-play communication in cournot

competition: an experiment with students and managers. Technical report, Economics

Working Paper.

Walker, D. I. (2019). Common ownership and executive incentives: The implausibility of

compensation as an anticompetitive mechanism. BUL Rev., 99:2373.

Wobker, I. (2014). The price of envy-an experimental investigation of spiteful behavior.

Managerial and Decision Economics, 36(5):326–335.


	List of Figures
	List of Tables
	General Introduction
	Background and Motivation
	Foundational Concepts
	Existing Empirical Evidence
	Research Objective and Methodology
	Thesis Overview and Contributions

	Framework
	General Framework
	Thesis-specific Framework

	Chapter Overview
	Chapter 2
	Chapter 3
	Chapter 4


	RPEs and Executive Compensation
	Introduction
	Theoretical Framework
	Experimental Design
	Experimental Market
	Materials and Procedures
	Experimental Sample

	Experimental Results
	Discussion
	Conclusion
	Appendices
	Tables
	Challenges of Running Online Experiment
	Additional Analyses
	Instructions

	RPEs and Collusion
	Introduction
	Theoretical Background
	One-shot Game: Symmetric and Asymmetric Manager Remuneration
	Repeated Game: Symmetric Manager Remuneration
	Repeated Game: Asymmetric Manager Remuneration
	Stability of Collusive Behaviour
	Implicit and Explicit Collusion

	Experimental Design
	Market Setup
	Methods
	Sample

	Experimental Results
	First look at the Data
	Hypothesis Testing

	Discussion
	Conclusion
	Appendices
	Additional Tables
	Alternating Monopoly
	Experimental Instructions

	RPEs without Competitors
	Introduction
	Framework and Practical Implications
	Formal Model
	Comparative Statics
	Specifications of the RPE Component
	Practical Implications
	Discussion

	Empirical Validation
	Experimental Design Proposal
	Notes on Practical Implementation
	Discussion

	Conclusion
	Appendices
	Calculations and Proofs
	Examples of RPE
	RPE Usage and Peer Group Type
	Possible Extension

	Conclusion
	Summary
	Implications
	Limitations and Suggestions for Further Research
	Closing Words

	Bibliography

