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Preface

Often, standard economic theory seems not to provide correct predictions of indi-

viduals’ behavior, both when they act individually and when they interact with each

other. This becomes especially problematic if there are systematic deviations in the be-

havior of people and the way this behavior is usually modeled in economics. Behavioral

economics as a way of thinking constitutes the belief that economists should aspire to

make assumptions about humans that are as realistic as possible. If these more realistic

assumptions then lead to models which are able to better explain observed phenomena

(Task A), there is a need to modify the classical approach to economics. Experiments

can guide us towards these models. On the one hand, they provide a controlled en-

vironment which allows to test isolated hypotheses derived from the models aimed to

be validated (Task B). On the other hand, experiments can disclose phenomena that

represent empirical facts urging an explanation by theoretical models (Task C). Reliable

conclusions can, however, only be drawn if experimental methods are robust towards

various underlying models that can potentially explain the observed behavior (Task

D).1

This dissertation sheds light on these various tasks that, among others, behavioral

and experimental economics aim to fulfill.2 In doing so, I focus on two areas which have

received enormous attention in the literature. First, behavior under risk (Chapters 1,

2, and 3) and second, behavior in social dilemmas (Chapter 4).

Decision making in the face of risk is an area in which standard economic theory has

long been challenged for its predictive power. Several models have been proposed that

deviate from the canonical model of expected utility theory (EUT), most prominently

1For instance, in experiments it has become common to elicit certain preferences which are possibly
responsible for observed behavior, and hence need to be controlled for, with specific experimental
methods. These methods (or at least their outcomes) must be robust towards various underlying
models that have been identified to explain such preferences.

2Tasks A to D are by no means exhaustive and are not meant to represent an exclusive list of
tasks to be fulfilled by the fields of behavioral and experimental economics. They are only intended to
guide the reader through the contributions this dissertation aims to make. While Task A is addressed
to behavioral economics and can be understood as ‘theory-building’ task, Tasks B, C, and D are
rather addressed to experimental economics and can be respectively interpreted as ‘theory-testing’,
‘facts-generating’, and ‘method-validating’ tasks.

11
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models which base utility not only on absolute wealth levels as in EUT, but in which

utility (additionally) depends on how these possible wealth levels compare to reference

levels of wealth. This prominent strand of literature evolved in order to resolve various

empirical puzzles concerning second-order risk preferences, namely risk aversion. The

corner stone of such models is Kahneman and Tversky’s (1979) prospect theory (PT). In

addition to the reference-dependent nature of utility, which has already been proposed

earlier by Markowitz (1952) and will be discussed in more detail later, PT provided an

alternative to another central element of EUT which is that probabilities enter linearly

into the evaluation of choices.

This feature of PT led to the development of so-called non-EUT models which allow

for non-linear influences of probabilities and thereby try to realistically capture indi-

viduals’ perception of these probabilities. An important advancement has been made

since earlier models, like PT in its original formulation, violated stochastic dominance

criteria because they applied the same weighting function to all probabilities of the

corresponding states of nature. Rank-dependence (see Quiggin, 1982; Kahneman and

Tversky, 1992) solved the problem of stochastic dominance violations and still allows

for probability weighting, depending on the outcome level of corresponding states of

nature. While in EUT, only the value function, which transforms outcomes into util-

ities, can generate risk-averse behavior, in non-EUT models the probability weighting

function can generate risk aversion as well.

In experiments, behavior may often be (partly) driven by individuals’ risk attitudes.

In order to control for individual-specific risk preferences, experiments often employ the

multiple-price list method of Holt and Laury (2002). While having several remarkable

advantages, this method requires EUT in the classification of subjects as more or less

risk-averse. Nowadays, it is a widely established fact that some individuals behave

consistent with EUT while others rather follow non-EUT models (see e.g. Harrison,

Humphrey, and Verschoor, 2010). Since risk aversion in these models is generated by

the value and the probability weighting function, it is hard to compare individuals’

risk attitude across different models based on their parameter estimates. Assuming the

same underlying model for all individuals and thereby disregarding their heterogeneity

is inappropriate as well and may lead to a misclassification. However, risk aversion has

been defined in a model-independent, purely behavioral sense, namely as an aversion

to mean-preserving spreads (see Rothschild and Stiglitz, 1970).3 An individual is then

defined as being less risk-averse than another individual if she accepts more such in-

3A lottery is less risky than another lottery if the latter is a mean-preserving spread of the former,
describing that the latter can be generated from the former by adding mean-zero noise. In its simplest
form, a mean-preserving spread is the lottery rather than this lottery’s expected value.
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creases in risk in exchange for a fixed compensation. This model-independent definition

of being more risk-averse has found broad acceptance and has been applied to EUT (see

Diamond and Stiglitz, 1974) as well as non-EUT models (see e.g. Machina, 1982, 1987;

Chew, Karni, and Safra, 1987, or Röell, 1987).

In Chapter 1 (which is joint work with Maximilian Rüger), we use this definition

of risk aversion and propose a modification of the Holt and Laury (2002) (HL) method,

that does not require EUT for the classification of individuals as more or less risk-averse.

In fact, our method can consistently be applied even if individuals follow different mod-

els of risky choice. The only requirement for the underlying models is that they are

consistent with the behavioral definition of risk aversion in terms of disliking mean-

preserving spreads. This work therefore pursues Task D as mentioned in the beginning.

In order to see whether the methodological problem of assuming a specific underlying

model is in fact empirically relevant, we directly compare the two methods in an ex-

periment. Our findings suggest that the two elicitation methods yield identical results

concerning the classification of subjects as risk-averse, -neutral, or -seeking. However,

with respect to classifications as more or less risk-averse the two methods diverge sub-

stantially. The average subject in our experiment changes her relative standing of

being more, less, or equally risk-averse to about half of the other subjects across the

two elicitation methods. Thus, assuming EUT for such a classification can be highly

misleading.

When measuring the absolute level of risk aversion intensity via the class of constant

relative risk aversion utility functions, we further find that our method yields higher

intensities of risk aversion than the HL method, and only with our method are these

estimates robust towards increasing stakes. Consistent with the results of Holt and

Laury (2002), the measure of risk aversion is increasing with stake size using the HL

method. A cognitive effort explanation is provided that accounts for these results. This

conjecture is based on the fact that our method uses variations in outcomes but holds the

probabilities of these outcomes constant at 50%, while the HL method uses variations

in probabilities which may be harder to conceive for subjects in the experiment.

Chapter 1 is entirely concerned with second-order risk preferences. However, not

all important behavior under risk can be captured by risk aversion alone. It is well

known that higher-order risk preferences, such as prudence (third order, also called

downside risk aversion) or temperance (fourth order, also called outer risk aversion),

are crucial for various economically important phenomena of risky decision making in

areas such as saving, insurance, auctions, bargaining, prevention, or global commons

problems. Among these various applications, higher-order risk preferences have first and
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foremost been identified to play the crucial role for so-called precautionary savings which

describe the part of present saving warranted to compensate the riskiness of the future.

Already Leland (1968) and Sandmo (1970) identified the importance of a positive third

derivative of the value function for motives of precautionary saving. Since Kimball

(1990) the feature of preferences that is necessary and sufficient (given preferences

are monotone and risk-averse) for such precautionary behavior is termed prudence.

Recently, Eeckhoudt and Schlesinger (2008) showed that while prudence is necessary

and sufficient for precautionary saving to increase when the future becomes more risky in

terms of second-order risk increases (mean-preserving spreads), temperance is necessary

and sufficient for precautionary saving to increase when the downside risk of the future

increases, which is rather a third-order increase in risk (or loosely speaking, a change

in the skewness of the income distribution).

In addition to this large theoretical literature, there are also numerous empirical

studies investigating the relevance of precautionary saving. As reported for instance

in an overview article by Carrol and Kimball (2008), in these studies precautionary

saving is often observed but to a much lesser extent than what would be optimal under

standard EUT predictions using reasonable degrees of risk aversion. A result in similar

vein has been found in a laboratory experiment by Ballinger, Palumbo, and Wilcox

(2003). Closely related is what Gollier (2003) termed the ‘insurance puzzle’. He shows

within a dynamic life-cycle EUT model that allowing for accumulated precautionary

savings leads theoretically to a crowding out of costly insurance demand. Of course,

this is in stark contrast to empirical observations and hence a puzzle.

So far, models analyzing higher-order risk preferences were constrained to EUT.

Within this framework, higher-order risk preferences correspond to the derivatives of

the value function. Similar to second-order risk preferences, where risk aversion is

equivalent to a negative second derivative, prudence has been identified to be equivalent

to a positive third derivative, and temperance to a negative fourth derivative of the value

function. But what do higher-order risk preferences represent from a model-independent

and rather behavioral perspective? Similar to the definition of risk aversion in terms

of an aversion to mean-preserving spreads, Eeckhoudt and Schlesinger (2006) defined

lotteries representing higher-order risk attitudes independently of a specific model and

showed that within EUT their gamble definitions correspond to the definitions in terms

of derivatives used so far. These model-independent definitions draw the curtain to

analyzing higher-order risk preferences outside EUT, just as mean-preserving spreads

made it possible to analyze risk aversion outside EUT.
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As mentioned earlier, the most prominent alternatives to standard EUT models

recognize the importance of a reference point for utility. This seems a quite natural

extension since our brain often evaluates situations relative to other situations. “When

we respond to attributes such as brightness, loudness, or temperature, the past and

present context of experience defines an adaptation level, or reference point, and stimuli

are perceived in relation to this reference point. Thus, an object at a given temperature

may be experienced as hot or cold to the touch depending on the temperature to

which one has adapted. The same principle applies to non-sensory attributes such

as health, prestige, and wealth.” (Kahneman and Tversky, 1979, p277) While PT

assumed the reference point to be a single point, often advocated to be the status quo,

more recent developments capture the idea that individuals make multiple comparisons

when evaluating choices under risk and thereby take the uncertainty of the choice

into account. In these models, the reference point is assumed to be a distribution to

which each potential outcome is compared to (see Sugden, 2003; Delquié and Cillo,

2006; Kőszegi and Rabin, 2006, 2007, 2009). In doing so these models abstract from

issues of probability weighting and retain the expected utility structure, meaning that

probabilities enter linearly into the choice evaluation. Another important advancement,

made by Kőszegi and Rabin (2006, 2007, 2009), was to endogenize the reference point.

In their model, the reference point is shaped by recent expectations, so that the chosen

alternative’s distribution becomes the reference distribution in a so-called ‘personal

equilibrium’.4 This step closes the model and replies to advocates of classical EUT

who criticized reference-dependent models for introducing the reference point as an

additional degree of freedom.

Another feature of reference-dependent models has always been the specific shape

of the value function.5 Earlier models assumed an S-shaped value function that was

concave (and thus risk-averse) for outcomes above the reference point, the gain domain,

but convex (and thus risk-seeking) for outcomes below the reference point, the loss

domain. Further, loss aversion captured the notion that losses loom larger than equally-

sized gains, represented by a kink of the value function at the reference point. More

recent applications of reference-dependent preferences à la Kőszegi and Rabin often

abandon the S-shape and retain loss aversion when they assume a piece-wise linear

4In the model of Kőszegi and Rabin (2006, 2007, 2009) it is not entirely clear what recent actually
means. They note that in out-of-‘personal equilibrium’ surprise situations, where the reference point
does not have sufficient time to adjust to the upcoming choice, an individual may still expect to stay at
the status quo making it the relevant reference point, even if this is not an option that can be chosen.

5This roots in the fact that with the reference point being a simple point, a reference-dependent
model is equivalent to an EUT model if the shape of the value function does not depend on a reference
point.
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value function. The evidence on the exact shape of the value function is rather mixed.

While several experiments have shown that most individuals are risk-averse in the gain

domain, this debate is not settled in the loss domain because institutional constraints

usually impede that subjects in experiments are exposed to real losses. Thus, most

evidence is based only on hypothetical choices or subject to ‘house-money’ effects (see

Thaler and Johnson, 1990).

In contrast, the evidence is less mixed when it comes to the question of what shapes

the reference point. Numerous field as well as carefully designed laboratory studies have

recently been conducted that suggest that it is individuals’ expectations that determine

the reference point. In pursuing Task A as outlined in the beginning, there is also

a rapidly growing theoretical literature which applies Kőszegi and Rabin’s model of

expectation-based reference-dependent preferences to explain important phenomena in

areas of industrial organization, optimal contracts, or auctions. The common theme

of these studies is that they are usually concerned with phenomena that rely on first-

and/or second-order preferences. To date, there has been no systematic treatment of

higher-order risk preferences under reference dependence.

Chapter 2 (which is joint work with Maximilian Rüger) closes this gap. More

specifically, we use Eeckhoudt and Schlesinger’s (2006) model-independent gamble def-

initions in order to analyze higher-order risk preferences in Kőszegi and Rabin’s (2007)

reference-dependent model. Our findings suggest that risk preferences of higher orders

are fundamentally different under reference dependence than in EUT. Standard formu-

lations of EUT imply that the derivatives of the value function alternate in sign, leading

to risk aversion, prudence, temperance, etc.. Under expectation-based reference depen-

dence, individuals exhibit even- but never odd-order risk attitudes. This result is not

due to a specific formulation of the value function and holds completely independent

of its functional form. Since Chapter 2 is also devoted to Task A, it is further shown

how these results can explain the empirical patterns of seemingly sub-optimal behavior

concerning precautionary saving and insurance demand.

As a robustness analysis, we additionally show that alternative assumptions of

reference points that have been proposed in the literature cannot explain these patterns.

For instance, disappointment models (see Bell, 1985; or Loomes and Sugden, 1986) use

the mean of expectations as the reference point rather than the full distribution. This

close relationship to Kőszegi and Rabin’s (2006, 2007) model has made it impossible

for recent experimental work aimed at testing expectation-based reference dependence,

and thereby performing Task B, to actually distinguish between the model of Kőszegi

and Rabin (2006, 2007) and disappointment models. Our analysis suggests that this
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is due to being constrained to the first two orders. Under disappointment, we do

not observe the absence of odd-order risk preferences while even-order preferences are

similar to those of expectation-based reference dependence. This finding suggests a

new way, namely using higher orders, to differentiate between these two models when

executing Task B. Another popular form of reference dependence, although having

emerged quite separately, focuses on the anticipation of ex-post regret feelings in the

choice evaluation (see Bell, 1982, 1983; or Loomes and Sugden, 1982). In these regret

models, the reference point is the alternative that was not chosen. We show that

decisions taken to avoid regret are unaffected by even-order effects, but odd-order effects

are still present. This result suggests that regret influences higher-order risk preferences

in the exactly opposite way as expectation-based reference dependence does. As a

result, risk preferences of a particular order are only affected by either expectations or

regret as the reference point but never by both. Our analysis of alternative reference

points, be they endogenous (as under disappointment or regret) or exogenous (like the

status quo), shows that they imply different results than expectation-based reference

dependence with respect to higher-order risk attitudes. Therefore, these alternatives

cannot similarly explain the empirical puzzles observed.

Until recently, the empirical literature on higher-order risk preferences has exclu-

sively focused on derived behavior from such preferences rather than on the prefer-

ences themselves. But it is important to ask whether individuals in fact exhibit those

preferences that drive such behavior. Deck and Schlesinger (2010) were the first who

provided direct evidence on higher-order risk attitudes. Using the model-independent

gamble definitions of Eeckhoudt and Schlesinger (2006), they found that individuals

are prudent but intemperate. However, more studies are warranted to derive at reli-

able conclusions when the aim is to fulfill Task C. In Chapter 3 (which is joint work

with Maximilian Rüger) we contribute to this task and provide further experimental

evidence on higher-order risk attitudes. Deck and Schlesinger (2010) interpreted their

findings to be consistent with PT but not with standard EUT models. As pointed

out before, a crucial feature of PT is the distinction between gains and losses. As in

most other experiments that investigate the loss domain, Deck and Schlesinger (2006)

imposed losses by a specific framing of the choice situation. Their results may therefore

be subject to ‘house-money’ effects. Bosch-Domènech and Silvestre (2006) proposed an

experimental design where the same subjects participate in two experiments separated

from each other by several weeks. Their joint earnings from both experiments cannot

be negative, but they can be negative for the second experiment. Bosch-Domènech and

Silvestre (2006) only studied second-order risk attitudes but, interestingly, found that a
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majority of subjects displayed risk aversion in both gains and real losses (for sufficiently

high stakes).

In Chapter 3, we use such a two-date design for our experiment in order to impose

real losses. Although being unable to control for, we most likely implemented the

status quo (and not expectations) as the reference point as we pointed out that subjects

can make gains just as well as they can make losses at the second date and gave no

further information about the choices to be made. We find that subjects are risk-averse,

prudent, and temperate. Preferences are not affected by the domain so that this pattern

holds in gains as well as losses. Further, risk preferences of different orders are highly

correlated. Although Chapter 3 has its focus in contributing to Task C, it is consistent

with Task D as we also used Eeckhoudt and Schlesinger’s (2006) model-independent

gamble definitions. 6 With respect to Task B, our results are consistent with standard

EUT models. The derivatives of the value function do not change their sign across the

gain and loss domain. Also, the high correlation between orders would be predicted

by standard EUT models. Although our evidence speaks against an S-shaped value

function as promoted in PT, it does not speak against the concept of a reference point

or loss aversion. And as shown in Chapter 2, reference dependence can have effects on

higher-order risk preferences quite independently from the shape of the value function.

Therefore, our experimental evidence on higher-order risk attitudes does not undermine

the findings of our theoretical analysis.

One of the most crucial contributions for individual behavior under risk has been

von Neumannn and Morgenstern’s (1944) axiomatic foundation of EUT. This approach

still justifies EUT as the appropriate normative concept. In the same work, von Neu-

mannn and Morgenstern (1944) further introduced main features of game theory which

describes behavior when individuals (being it humans, firms, nations, etc.) interact

with each other. Later, the concepts of equilibrium and fully rational (and selfish) indi-

viduals have become standard tools in the analysis of games. Sometimes and especially

for humans, however, these concepts seem out of place. Several experiments, using a

multitude of games, have been conducted that suggest that individuals often violate

these concepts. Behavioral game theory, as a branch of behavioral economics, has the

goal to capture such violations. “Behavioral game theory is about what players actually

do. It expands analytical theory by adding emotion, mistakes, limited foresight, doubts

about how smart others are, and learning to analytical game theory. [. . . ] behav-

ioral game theory can explain what people do more accurately by extending analytical

6These lotteries are especially suited for experimental purposes as they have the virtue to rigorously
define higher-order risk attitudes in an accessible way.
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game theory to include how players feel about the payoffs other players receive, limited

strategic thinking, and learning.” (Camerer, 2003, p3/7)

The last part of this dissertation focuses on two of these avenues that have en-

riched standard game theory, caring about others and limited strategic thinking. In

doing so, I focus on one of the most popular games capturing social dilemmas, namely

public goods games. The leading textbook introductory example for game theory is

the prisoners dilemma game. It captures a social dilemma as, from the equilibrium

point of view (in which neither player cooperates), both players would be better off if

they both cooperated, but given that the other player cooperates, are better off by not

cooperating. The famous public goods game is, loosely speaking, a continuous version

of this game where players can cooperate at different degrees. Still, full cooperation is

socially desirable, but each player’s dominant strategy is not to cooperate. The litera-

ture on testing the standard theoretical prediction is vast. However, most field as well

as laboratory evidence falsifies the standard prediction of no cooperation not only in

one-shot but also in repeated versions of the public goods game.

“Experiments on public goods began with the aim of testing the received theory,

but experimenters quickly turned to investigating and trying to understand the decay

of overcontribution quite independently from the existing of an alternative theoretical

framework (albeit with the aim of developing one).” (Guala, 2005, p40) In other words,

experiments started out with Task B, then turned to Task C, but always had the goal to

propose a model satisfying Task A. The latest important advancement with respect to

Task C has been the experimental work of Fischbacher and Gächter (2010) on dynamic

contribution behavior in repeated public goods games. They used a two-part experimen-

tal design. In the first part, they elicited subjects’ contribution preferences conditional

on the averages of others’ contributions by employing the elicitation method of Fis-

chbacher, Gächter, and Fehr (2001) (which is based on Selten’s, 1967 strategy method).

These preferences were then used to empirically predict contributions in the second

part of the experiment which implemented a repeated public goods game. In the first

part, the authors showed that people are ‘imperfect conditional cooperators’ who match

contributions of others only partly. With the help of data-based simulation techniques,

they could show that it is this preference that drives the decay of contributions in the

second part of the experiment. Furthermore, and in contrast to other models focusing

on the interaction of different types of players (see e.g. Ambrus and Pathak, 2011),

they showed that the presence of purely selfish types is not needed for contributions

to be declining. This is an interesting result from a theoretical point of view, because

the preference of imperfect conditional cooperation would predict zero contributions in
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equilibrium, both in (simultaneous) one-shot and all periods of repeated public goods

games.

Chapter 4 shows that a preference for imperfect conditional cooperation also the-

oretically explains the dynamics of contribution behavior in a repeated public goods

game. The presented model accounts for limited strategic reasoning since it is based on

the non-equilibrium concept of level-k thinking. The standard game-theoretic notion of

strategic thinking, represented by Nash equilibrium, postulates that each player forms

correct beliefs about other players’ behavior and best responds to these beliefs. In con-

trast, level-k models of strategic thinking are only rational in that players best respond

to their beliefs, but these beliefs are derived from simplified non-equilibrium models of

others.7 Level-k thinking is closely related to so-called cognitive hierarchy models (see

Camerer, Ho, and Chong, 2004) where level-k players best respond to an estimated

mixture of lower-level players. However, in a level-k model a player of level-type k

rather best responds to level-k − 1 players. This form of limited strategic thinking

was introduced by Nagel (1995) and Stahl and Wilson (1994, 1995). Since then, it has

been further developed and applied to explain behavior in a variety of settings, includ-

ing guessing games, auctions, hide-and-seek games, or coordination games. It has also

been used to answer mechanism design questions. Empirical evidence on level-k think-

ing mainly concentrates on data from laboratory experiments, but there is also some

field evidence supporting such non-equilibrium behavior (see Crawford, Costa-Gomes,

and Iriberri, 2010 for an overview of the literature on strategic thinking).

The model of Chapter 4 applies level-k thinking to a repeated public goods game,

predicts common patterns of public goods contribution behavior, and thereby con-

tributes to Task A. The theoretical analysis of Chapter 4 is complemented by a two-part

experiment (which is joined work with Jan Schikora), similar to the one of Fischbacher

and Gächter (2010) but with design variations that allow us to make further contri-

butions with respect to Tasks B, C, and D. The first part of our experiment elicits

subjects’ contribution preferences conditional on others’ individual contributions in ho-

mogeneously as well as heterogeneously endowed groups. With this specific design we

can answer two open questions. First, we show that eliciting contribution preferences

conditional on the averages of others’ contributions can well be justified. Hence, the

often used elicitation method of Fischbacher, Gächter, and Fehr (2001) seems robust

with respect to inequalities in others’ contributions. This is an important insight from

the perspective of Task D as leading models of outcome-based social preferences would

predict that this variation matters for own contributions. Second, conditional coop-

7Interestingly, level-k thinking respects k-rationalizability (see Bernheim, 1984; Pearce, 1984).



PREFACE 21

eration has previously been investigated only under homogeneous endowments where

it is impossible to distinguish whether own contributions are conditional on absolute

or relative contributions of others. We show that the average preference pattern is

consistent with imperfect relative rather than absolute conditional cooperation. This

result contributes to Task C and should be considered in future approaches to model

the foundations of conditional cooperation.8

Based on these findings, the preference of imperfect relative conditional coopera-

tion is then incorporated into the level-k model in order to analyze a repeated public

goods game. Besides allowing to derive predictions (and hypotheses thereof) on contri-

bution dynamics that are in line with the results of Fischbacher and Gächter (2010) and

would also obtain under imperfect absolute conditional cooperation, the model offers

further predictions on the effects of heterogeneous and uncertain endowments that only

obtain under imperfect relative conditional cooperation.9 In performing Task B, all

these predictions are tested and validated in the second part of our experiment which

implements a repeated public goods game, with treatments capturing heterogeneous

and uncertain endowments. More specifically, we show that subjects strategically over-

contribute, meaning that they contribute more in the repeated version of the game than

what is predicted from their elicited (one-shot) preferences. In line with the results of

Fischbacher and Gächter (2010), these over-contributions as well as total contributions

are declining over time. With respect to our treatment variations, we find that het-

erogeneous groups are less efficient than homogeneous groups in providing the public

good. However, this is not the case under uncertain endowments. Here, poor groups re-

duce their contributions compared to certainty while rich groups’ contributions increase.

Thus, uncertainty causes the inequality of the income distribution over all subjects to

increase. Regarding further possible policy implications, our experimental results also

suggest that homogeneous groups with endowments being common knowledge are most

efficient in the public goods provision.

All four chapters of this dissertation can be read independently from each other.

They all have their own introductions and appendices (covering extensions, proofs,

additional information, and experimental instructions), but a joint bibliography at the

end of the dissertation.

8This is not a question we approach. Our aim is rather to show how this preference is able to
explain contribution behavior in a repeated game.

9The model makes additional predictions with respect to variations that are not testable with the
specific design of the second part of our experiment. Nevertheless, these predictions seem to be in line
with previous accounts of the literature.
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Chapter 1

Measuring Risk Aversion

Model-Independently
0

1.1 Introduction

In order to measure individuals’ risk attitudes, the multiple price-list method1 of

Holt and Laury (2002) has become the industry standard in experimental economics.

Major advantages that led to the popularity of the Holt and Laury (HL) tables include

its transparency to subjects (easy to explain and implement), its incentivized elicitation,

and that it can be easily attached to other experiments where risk aversion may have an

influence. Nevertheless, the HL method has also its drawbacks. The major disadvantage

is that it requires a specific utility framework such as expected utility theory (EUT)

in order to classify subjects as more or less risk-averse.2 If individuals’ risk preferences

are heterogeneous in the way that some act according to EUT while others rather act

according to non-EUT, it becomes problematic to use the HL tables in order to classify

subjects’ risk attitudes. The reason is that the HL method is not based on a general

notion of increasing risk which is satisfied by EUT and non-EUT models.

To account for this disadvantage, we propose a modification of the HL tables. This

new method is based on the well-known increasing risk definitions of Rothschild and

Stiglitz (1970). These definitions are solely in terms of attributes of the distribution

0This chapter is based on joint work with Maximilian Rüger.
1To our knowledge, a multiple price-list format was first used by Miller, Meyer, and Lanzetta

(1969).
2Holt and Laury (2002) use specific parametric forms of EUT in order to classify subjects. Following

the approach of structural estimation, one could also estimate parameters of a specific non-EUT model
based on the HL tables. However, the crucial point is that one would have to assume that all subjects
follow a common model.

23
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function and are therefore independent of a utility framework. Moreover, they have been

used to characterize risk aversion in both EUT and non-EUT models (e.g. Machina,

1982, 1987; Chew, Karni, and Safra, 1987; Röell, 1987; Yaari, 1987; or Schmidt and

Zank, 2008). By just imposing ‘duality’ asserting that less risk-averse individuals accept

riskier gambles (see Diamond and Stiglitz, 1974), our method enables us to classify

subjects as more or less risk-averse without assuming a specific utility framework. It is

therefore applicable with heterogeneous risk preferences, which is a desired feature for

studies that need to control for risk aversion in behavior. Furthermore, our approach

does not require subjects to handle various and rather complex probabilities, since it

uses variations in outcomes (i.e. mean preserving spreads) and holds probabilities of

outcomes constant at 50%.

In a laboratory experiment we directly compare the HL method and our method

using low and high stakes. This is of interest because it sheds light on whether the

methodological differences are of empirical relevance. We find that both methods yield

the same classification of individuals concerning the direction of risk attitudes (i.e.

risk-averse, risk-neutral, or risk-seeking). However, we also find that both methods

yield diverging results concerning the intensity of risk attitude. The classification of

individuals as being more or less risk-averse than others is quite different between

both methods. Moreover, we find that our method yields higher levels of risk aversion

intensity that are much closer to what is observed in the field. These estimates of

risk aversion intensity are robust towards multiplying the stakes by five only when our

method is used. For the HL method we can confirm the result of Holt and Laury (2002)

that increasing the stakes increases risk aversion. It is also shown that these results are

robust towards possible confounds like certain switching preferences (e.g. switching in

the middle of a table) or order effects (with respect to elicitation methods and stakes).

This chapter is structured as follows. In Section 1.2 we review the HL tables

and note further advantages and disadvantages. We then propose a new method that

shares the advantages but not the disadvantages of the HL tables in Section 1.3. The

experiment used to directly compare both methods is explained in Section 1.4. The

results of our experiment as well as their robustness are discussed in Section 1.5 and the

conclusion can be found in Section 1.6. In Appendix A we generalize our new method.

This allows for a customization and extends the range of potential applications in future

experiments. Appendix B presents the instructions of our experiment.
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1.2 The Holt and Laury Method

Measuring the intensity of risk preferences is very important for theoretical predic-

tions. Also, in experiments individuals’ decisions are often (partly) driven by their risk

preferences. In order to control for these individual-specific characteristics, the multiple

price-list method of Holt and Laury (2002) is commonly used in experiments nowadays.

Table 1.1 presents the original HL design.

Table 1.1: The Holt and Laury Method

Option A Option B RRA if row was
Row Outcome A1 Outcome A2 Outcome B1 Outcome B2 last choice of A EV [A]− V ar[A]−
No. = $2.00 = $1.60 = $3.85 = $0.10 and below all B EV [B] V ar[B]
1 Prob. 1/10 Prob. 9/10 Prob. 1/10 Prob. 9/10 [−1.71 ; −0.95] 1.17 -1.25
2 Prob. 2/10 Prob. 8/10 Prob. 2/10 Prob. 8/10 [−0.95 ; −0.49] 0.83 -2.22
3 Prob. 3/10 Prob. 7/10 Prob. 3/10 Prob. 7/10 [−0.49 ; −0.14] 0.50 -2.92
4 Prob. 4/10 Prob. 6/10 Prob. 4/10 Prob. 6/10 [−0.14 ; 0.15] 0.16 -3.34
5 Prob. 5/10 Prob. 5/10 Prob. 5/10 Prob. 5/10 [0.15 ; 0.41] -0.18 -3.84
6 Prob. 6/10 Prob. 4/10 Prob. 6/10 Prob. 4/10 [0.41 ; 0.68] -0.51 -3.34
7 Prob. 7/10 Prob. 3/10 Prob. 7/10 Prob. 3/10 [0.68 ; 0.97] -0.85 -2.92
8 Prob. 8/10 Prob. 2/10 Prob. 8/10 Prob. 2/10 [0.97 ; 1.37] -1.18 -2.22
9 Prob. 9/10 Prob. 1/10 Prob. 9/10 Prob. 1/10 [1.37 ; ∞) -1.52 -1.25
10 Prob. 10/10 Prob. 0/10 Prob. 10/10 Prob. 0/10 non-monotone -1.85 0.00

An individual makes a decision between option A and option B in each of the ten

rows. Option A as well as option B can have two different outcomes (A1 or A2 and B1

or B2) with varying probabilities over the ten rows. The expected outcome of option

A is higher for the first four rows and lower for the last six rows (as indicated by the

second to last column in Table 1.1). So, a risk-neutral subject should choose option

A in row 1 to 4 and then switch over and choose option B in row 5 to 10. However,

as option B has a higher variance (indicated by the last column in Table 1.1), there

is a trade-off when to switch to option B. Clearly, by row 10 everybody should have

switched to option B as it yields the higher outcome with certainty. An individual who

switches to option B between row 6 and row 10 is classified as being risk-averse and

the more risk-averse individual will switch later as she needs a higher expected value to

choose the more variable option. Someone who switches earlier to option B (between

row 1 and row 4) is classified as risk-seeking by similar arguments. In column 6 of

Table 1.1 we report the risk preference intensity measured by the amount of relative

risk aversion (RRA) that is induced from the switching behavior if we assume the class

of constant relative risk-averse (CRRA) utility functions.3

3Then, utility of income is u(x) = x1−r

1−r where x is the lottery outcome and r the RRA parameter.
Note that the bound in rows 3 and 4 of r = −0.15 as reported in the original article of Holt and Laury
(2002) is in fact according to our calculation r = −0.14. Also, if the subject chooses always option B,
her relative risk aversion is r ∈ (−∞;−1.71].
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The advantages of the HL method are due to its design. It is very easy to explain

to subjects since they only have to choose between option A and option B in each row.4

It is incentivized and usually one of the ten rows is randomly selected and paid out for

real. And because it is so easy to implement, the HL tables can be attached to other

experiments where risk aversion may play a role.

Nevertheless, the HL method also has its disadvantages. One disadvantage is that

there is no flexibility in adjusting the ranges of RRA without affecting the round-

numbered probabilities. So, for instance, if one would want to decrease the ranges of

the RRA intervals in row 4 to 6 in order to better classify most subjects’ risk attitudes

(according to Holt and Laury, 2002, 75% of the subjects fall into this category), one

would have to give up the round-numbered probabilities in Table 1.1. One way to

circumvent this problem is proposed by Andersen et al. (2006) using a complex more-

stage procedure and thereby loosing the advantages of the simple HL design mentioned

above.

The use of variations in probabilities (whereas outcomes are held constant) makes

the HL tables sensitive to probability weighting. For instance, by using the standard

parametric Prospect Theory assumptions (Tversky and Kahneman, 1992) on the prob-

ability weighting function, we obtain the result that a subject with a linear utility

function should choose A only for the first three and not for the first four rows. Such

an individual would be classified as risk-seeking in HL. This makes it difficult to draw

conclusions about the shape of the utility function. Furthermore, varying probabilities

require subjects to have some imagination of what these different probabilities mean.

The major disadvantage of the HL tables is, however, that they are not based on a

general notion of increasing risk. They need a specific utility framework, namely EUT,

in order to classify subjects as more or less risk-averse.5 However, evidence rather

suggests that risk preferences are heterogeneous and subjects follow different models

of risky choice.6 It is then not only problematic to impose EUT in order to classify

subjects, but also to assume the very same choice model over all subjects. Hence, a more

general measure of risk aversion intensity is needed that allows for a classification across

4A variant of the design is to induce a single switching point, i.e. to ask for the row where the
subjects would want to switch from A to B.

5In order to discriminate between intensities of risk aversion, HL use EUT and the specific class of
CRRA functions. Using the HL method and assuming for instance Tversky and Kahneman’s (1992)
Prospect Theory would require a ‘trade-off’ between the curvatures of the utility function and the
probability weighting function since both simultaneously influence the level of risk aversion. However,
even if such a ‘trade-off’ could be made, there is no way to compare subjects in case they follow
different models of risky choice.

6The evidence that many individuals behave according to non-EUT models is vast. For instance, a
recent study by Harrison, Humphrey, and Verschoor (2010) finds a 50/50 share of EUT and Prospect
Theory.
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different underlying models. In the next section, we therefore propose a modification of

the HL method that is based on a general ‘behavioral’ notion of risk aversion, namely

an aversion to mean preserving spreads.

Other elicitation methods (for a comprehensive recent review see Harrison and

Rutström, 2008) where choices can also be used to directly deduce the intensity of risk

aversion suffer from the same problem, i.e. they also need the assumption of EUT to

classify subjects.7 For instance, another popular alternative to the multiple price-list

design is the ordered lottery selection design as used by Binswanger (1980, 1981) or Eckel

and Grossman (2008). Here, subjects choose one out of eight (or five) different 50/50

gambles where higher expected values come at the cost of higher standard deviations

(see also Jacobson and Petrie, 2009).

There is one alternative elicitation method that does not impose EUT for the

classification of subjects but which has another problem. Asking subjects to state a

certain amount that makes them indifferent to a given lottery (implemented e.g. via

the Becker-DeGroot-Marschak mechanism as done for instance by Kachelmeier and

Shehata, 1992, or via a price-list design as for instance done by Dohmen et al., 2010,

2011) can classify subjects as more or less risk-averse by their certainty equivalents.8

The problem here is the so-called certainty effect which describes the widely observed

phenomenon that certain alternatives are perceived in a fundamentally different way

than risky alternatives, even if the risk is negligible. “The certainty effect introduces

7An alternative approach is to derive preference functionals that can be used to make statements
about risk aversion. Here, one way is to use structural estimation techniques, which Holt and Laury
(2002) additionally perform without the CRRA assumption. In fact, there is no restriction to EUT in
this case but still classification as more or less risk-averse are not necessarily possible (even if subjects
follow the same model of risky choice). The most prominent alternative to the multiple price-list
design of Holt and Laury in this case is the random lottery pair design of Hey and Orme (1994), where
subjects are asked to answer a battery of 100 choices with different probabilities. Another way is a
deterministic approach, where chained responses are used to construct a utility function either with the
assumption of EUT as in the certainty or probability equivalent methods, or without the assumption
of EUT as in the trade-off method of Wakker and Deneffe (1996). The chained design of these methods
suffers from being not incentive compatible and classifications as more or less risk-averse still require
EUT. The closely related lottery equivalent method of McCord and de Neufville (1986) avoids the
chained design (and the certainty effect) in order to obtain the utility function, but also requires EUT,
not only for the construction of utility but also for a classification as more or less risk-averse via the
uncertainty equivalent as elicited by Andreoni and Sprenger (2010).

8Closely related but somewhat reversed, Bruner (2009) varies the lottery and holds the certain
amount fixed in order to investigate whether changing the probability or changing the reward, for a
given increase in the mean of the lottery, is preferred. Consistent with EUT, he finds some evidence
that subjects are more risk-averse (i.e. they choose more often the safe option) when the winning
outcome instead of the winning probability is varied (such that the means of the lottery options across
treatments are identical). We control for such effects as our RRA ranges are exactly matched across
methods. This is further explained in Section 1.4. Note that varying the lottery instead of the fixed
amount does not reduce certainty effect problems.
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systematic errors into any method based on certainty equivalents.” (McCord and de

Neufville, 1986, p57)

1.3 A Model-Independent Method

In this section we propose a new method that shares the advantages of the HL table

but not its disadvantages (and those of the alternative methods) as mentioned above.

Table 1.2 presents our new approach.

Table 1.2: Our Elicitation Method

Option A Option B RRA if row was RRA if row was
Row Prob. 1/2 Prob. 1/2 Prob. 1/2 Prob. 1/2 first choice of A last choice of A
No. Outcome A1 Outcome A2 Outcome B1 Outcome B2 and above all B and below all B
1 0.05 4.95 2.65 2.75 [−0.51 ; −0.13]
2 1.10 3.90 2.65 2.75 (−∞ ; −0.51]
3 2.40 2.60 2.65 2.75 non-monotone
4 2.40 2.60 2.00 3.40 [2.27 ; ∞)
5 2.40 2.60 1.90 3.50 [1.70 ; 2.27]
6 2.40 2.60 1.75 3.65 [1.18 ; 1.70]
7 2.40 2.60 1.60 3.80 [0.86 ; 1.18]
8 2.40 2.60 1.45 3.95 [0.65 ; 0.86]
9 2.40 2.60 1.05 4.35 [0.36 ; 0.65]
10 2.40 2.60 0.20 5.20 [0.13 ; 0.36]

Again, subjects choose in each row between option A and option B. As in the HL

table, option A as well as option B has two possible outcomes. However, instead of

varying the probabilities and keeping the outcomes constant over all rows as in the

HL table, we rather vary the outcomes and keep the probabilities constant (i.e. all

probabilities are equal, namely 50%). First note that an individual with monotone

preferences will always prefer option B over option A in row 3 of Table 1.2 (this is

similar to row 10 in Table 1.1) as here option B first-order stochastically dominates (or

more specifically, state-wise dominates) option A.

We now compare options in row 4 to those in row 3. While option A is identical

to the one in row 3, option B in row 4 is a mean preserving spread of the one in row

3. We can therefore say that option B becomes more risky in the sense of the very

general increasing risk definition of Rothschild and Stiglitz (1970), while option A stays

the same. In row 5 option A is again unaltered whereas option B is a further mean

preserving spread of the one in row 4 and thus a further increase in risk. This continues

until row 10. By just imposing ‘duality’ stating that less risk-averse individuals should

take riskier gambles, we can say that someone (call her j) who preferred option B in the

first four rows and option A in the last six rows is more risk-averse than someone (call

her i) who preferred option B in the first five rows and option A in the last five rows.

Such a statement can be made without referring to any particular utility framework.
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The property of ‘duality’ is based on the concept of mean utility preserving spreads

first proposed by Diamond and Stiglitz (1974).9 To see how, note that there exists a

hypothetical gamble that is a mean preserving spread of option B in row 4, a mean

preserving contraction of B in row 5, and leaves j just indifferent between A and B.

This hypothetical gamble then is a mean utility preserving spread of A for j. At this

point i still prefers B, so her hypothetical gamble representing a mean preserving spread

of B in row 5, a mean preserving contraction of B in row 6, and leaving i just indifferent

between A and B is a mean preserving spread of j’s hypothetical gamble. It follows

that j is more risk-averse than i. To illustrate how our table relates to the one of Holt

and Laury (2002), we state in the last two columns of Table 1.2 how our method would

elicit measures of RRA if we would also assume CRRA.

Risk seeking is identified through switches of choices in the first two rows of Table

1.2. Consider again the options in row 3, but now compare them to those in row 2.

Now the ‘less attractive’ option A is altered by a mean preserving spread when going

from row 3 to row 2, while option B stays the same. Only a very risk-seeking individual

would like this spread so much that she would now prefer option A in row 2. In row 1

option A is a further mean preserving spread. Now, also less extreme risk seekers, who

in row 2 were still choosing option B, are lured by the further increase in risk towards

choosing option A in row 1. An individual who is risk-neutral, or is very close to being

risk-neutral, will always choose option B in Table 1.2 since its expected value is higher

than the one of option A in all rows.

Both options in Table 1.2, option A and option B, are always risky. This avoids

the ‘certainty effect’, a well-known problem of any elicitation method using certainty

equivalents. As the HL method, our method therefore “has the virtue of comparing

gamble-versus-gamble choices (rather than gamble-versus-sure amount) to control for

the possibility that differences in gamble complexity are themselves part of preference

(e.g. Huck and Weizsäcker, 1999; Sonsino et al., 2002) or that fundamentally different

outcome values are associated with risky and sure outcomes (Keller, 1985; Andreoni

and Sprenger, 2009).” (Wang, Filiba, and Camerer, 2010, p3)

9The concept of mean utility preserving spreads can be viewed as a generalization of the concept
of acceptance sets by Yaari (1969). The acceptance set of an outcome captures the set of lotteries for
which an individual prefers to gamble rather than to obtain the outcome for sure. An individual is then
more risk-averse than another one if her acceptance set is contained in the one of the other individual.
Thus, Yaari (1969) defines an individual as being less risk-averse than another individual if she is ready
to accept more risky gambles, starting from an initial situation that is risk-less. Diamond and Stiglitz
(1974) allow the initial situation to be risky and define someone as being less risk-averse if she accepts
more increases in risk (i.e. mean preserving spreads) in exchange for a fixed compensation. Diamond
and Stiglitz (1974) study this concept solely within EUT. By referring to simple compensated spreads,
Machina (1982, 1987), Chew, Karni, and Safra (1987), or Röell (1987) used it to analyze risk aversion
in non-EUT models.
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The concept of riskiness we use in our table follows the established theoretical

literature. “Clearly riskiness is related to dispersion, so a good riskiness measure should

be monotonic with respect to second-order stochastic dominance. Less well understood,

perhaps, is that riskiness should also relate to location and thus be monotonic with

respect to first-order stochastic dominance, in particular, that a gamble that is sure to

yield more than another should be considered less risky. Both stochastic dominance

criteria are uncontroversial [. . . ].” (Aumann and Serrano, 2008, p811) In Table 1.2 we

use both criteria. Option B first-order stochastically dominates option A in row 3 and

can therefore be considered less risky. Going downward from row 3 option A stays

unaltered whereas option B gets worse in terms of second-order stochastic dominance.

Going upward from row 3 option A gets worse in terms of second-order stochastic

dominance whereas option B stays the same. Individuals who switch from option B to

A after row 3 are risk-averse (the earlier the more risk-averse). And individuals who

switch from option A to option B before row 3 are risk-seeking (the later the more

risk-seeking).

Note that mean preserving contractions of option A (option B) could be applied in

addition to the mean preserving spreads of option B (option A) when going downward

(upward) from row 3. This variant of the design could be useful if one wanted to induce

similar changes in both options over all rows of our table. However, since it may come

at the cost of increased complexity for the subjects, we chose not to do so.

Although the two concepts we use for our elicitation method, mean preserving

spreads and mean utility preserving spreads, were originally analyzed within EUT,

it has become common in other models as well to understand risk aversion in terms

of this more behavioral definition, namely as an aversion to mean preserving spreads.

Subsequently, it is this definition that is used when risk aversion is analyzed in non-EUT

models (see e.g. Machina, 1982, 1987; Chew, Karni and Safra, 1987; Röell, 1987; Yaari,

1987; or Schmidt and Zank, 2008). And as Machina (2008, p80) notes, most non-EUT

models “are capable of exhibiting first-order stochastic dominance preference, [and]

risk aversion [. . . ].” This shows that our method can classify subjects as more or less

risk-averse across various models of risky choice.

Using variations of outcomes (i.e. mean preserving spreads) not only makes it easy

for subjects to compute expected values but also allows us quite some flexibility in

designing the range of the intervals to elicit estimates of relative risk aversion if we

adopt the CRRA framework of Holt and Laury (2002). In principle, this could also

be achieved in the HL table, but only at the price of stating odd probabilities. By

contrast, in our table probabilities stay always at 50% and only outcomes vary. We
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believe that subjects are more experienced in dealing with odd outcomes (such as price

tags) than with odd probabilities.10 More importantly, constant probabilities of 1/2

do not require subjects to have experience in dealing with chances other than those

for instance imposed by a coin toss. Also, such probabilities are much less sensitive to

probability weighting. Already Quiggin (1982) uses 1/2 as plausible fixed point in his

theory. “The claim that the probabilities of 50-50 bets will not be subjectively distorted

seems reasonable, and [. . . ] has proved a satisfactory basis for practical work [. . . ].”

(Quiggin, 1982, p328) This becomes, however, only important when decisions taken in

the table are interpreted solely in terms of the curvature of a utility function.11

1.4 The Experiment

The experiment was computer-based and was conducted in November 2009 at the

experimental laboratory MELESSA of the University of Munich. It used the experimen-

tal software z-Tree (Fischbacher, 2007) and the organizational software Orsee (Greiner,

2004). 232 subjects (graduate students were excluded) participated in 10 sessions and

earned 11 euros (including 4 euros show-up fee) on average (with a maximum (mini-

mum) of 30 (4.10) euros) for a duration of approximately one hour.

In the beginning of the experiment subjects received written instructions that were

read privately by them. At the end of these instructions they had to answer test

questions that showed whether everything was understood. There was no time limit

for the instructions and subjects had the opportunity to ask questions in private. The

experiment started on the computer screen only after everybody answered the test

questions correctly and subjects had no further questions.

The remaining procedure of the experiment was the following. Each subject made

decisions in four tables.12 Again, they could take as much time as they wanted to make

their decisions. After all subjects had made their decisions, an experimental instructor

10In Appendix A we provide a more general treatment of our method. This shows how our method
can be easily modified to meet different requirements on the elicitation ranges.

11Note that besides the problem of not being incentive compatible, the trade-off method of Wakker
and Deneffe (1996) is also well suited for this purpose. If, in contrast, the primary interest is in
estimating a probability weighting function, our specific design will be of limited use. Only single-
parameter weighting functions, as proposed by Tversky and Kahneman (1992), can be estimated with
our design. However, the concept of mean preserving spreads could also be applied to construct a
similar multiple price-list format with more complex probabilities than 50/50 bets. Such a modified
table could then also be used to estimate probability weighting functions with more than one parameter.

12Eight treatments varied which tables in which order a subject received. The treatments are further
explained below.
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came to each subject to let them randomly determine their payoff from the tables.13

Before they saw what their payoff from the experiment was they could again see how

they actually decided in the randomly determined relevant table. At the end of the

experiment all subjects further answered a questionnaire about their socio-economic

characteristics. As soon as everybody had answered the questionnaire they were paid

in private (not by the experimenter) and could leave.

Table 1.3: Our Adjusted Elicitation Method

Option A Option B RRA if row was RRA if row was
Row Prob. 1/2 Prob. 1/2 Prob. 1/2 Prob. 1/2 first choice of A last choice of A
No. Outcome A1 Outcome A2 Outcome B1 Outcome B2 and above all B and below all B
1 0.03 4.89 2.62 2.72 [−0.49 ; −0.14]
2 1.01 3.91 2.62 2.72 [−0.96 ; −0.49]
3 1.40 3.52 2.62 2.72 [−1.70 ; −0.96]
4 1.65 3.27 2.62 2.72 (−∞ ; −1.70]
5 2.36 2.56 2.62 2.72 non-monotone
6 2.36 2.56 1.77 3.57 [1.37 ; ∞)
7 2.36 2.56 1.61 3.73 [0.97 ; 1.37]
8 2.36 2.56 1.42 3.92 [0.68 ; 0.97]
9 2.36 2.56 1.09 4.25 [0.41 ; 0.68]
10 2.36 2.56 0.26 5.08 [0.15 ; 0.41]

As mentioned above, each subject made decisions in four tables. Two of the tables

were low-stakes tables and two of them were high-stakes tables, where all low-stake

outcomes were multiplied by five. In total, we used eight different tables. One of them

was the original HL table (HLol) as outlined in Section 1.2 (Table 1.1) and another was

the original HL table but with all outcomes multiplied by five (HLoh). In order to be

able to directly compare the HL method and our method, we adjusted our tables to

the exact same ranges of RRA that were used by Holt and Laury (2002). A third table

therefore used our method but adjusted to the original low-stake outcomes of the HL

table (MRal) as outlined in Table 1.3. And a fourth table used our method adjusted

to the high-stake version of the original HL table (MRah), where all outcomes in Table

1.3 are multiplied by five.

Subjects further received our table (Table 1.2) from Section 1.3 (MRol). In design-

ing this table we employed criteria mentioned by Holt and Laury (2002). There is an

approximately symmetric range of RRA around 0, 0.5, 1, and 2. Based on the experi-

mental results of Holt and Laury (2002), our table has only two risk seeking ranges and

therefore more ranges for reasonable degrees of risk aversion. There was also a high-

stakes version of this table where all outcomes are multiplied by five (MRoh). Again,

13Each subject had to role four dice. First, a four-sided die determined which of the four tables
was payoff-relevant. Second, a ten-sided die determined which row in the payoff-relevant table was
selected. And lastly, two ten-sided dice determined whether the amount A1 or A2 (if A was chosen
in the relevant table and row) or whether the amount B1 or B2 (if B was chosen in the relevant table
and row) was paid out to them (in addition to the show-up fee of 4 euros).
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in order to directly compare both methods, we also adjusted the HL tables to the exact

same ranges of RRA that were used in our tables. Table 1.4 shows the adjusted HL ta-

ble for low stakes (HLal). Again, the high-stakes version of Table 1.4 (HLah) multiplied

all outcomes by five.

Table 1.4: The Adjusted Holt and Laury Method

Option A Option B RRA if row was
Row Outcome A1 Outcome A2 Outcome B1 Outcome B2 last choice of A
No. = $2.00 = $1.60 = $3.85 = $0.10 and below all B
1 Prob. 29/100 Prob. 71/100 Prob. 29/100 Prob. 71/100 [−0.53 ; −0.14]
2 Prob. 40/100 Prob. 60/100 Prob. 40/100 Prob. 60/100 [−0.14 ; 0.12]
3 Prob. 49/100 Prob. 51/100 Prob. 49/100 Prob. 51/100 [0.12 ; 0.36]
4 Prob. 58/100 Prob. 42/100 Prob. 58/100 Prob. 42/100 [0.36 ; 0.65]
5 Prob. 69/100 Prob. 31/100 Prob. 69/100 Prob. 31/100 [0.65 ; 0.85]
6 Prob. 76/100 Prob. 24/100 Prob. 76/100 Prob. 24/100 [0.85 ; 1.19]
7 Prob. 86/100 Prob. 14/100 Prob. 86/100 Prob. 14/100 [1.19 ; 1.70]
8 Prob. 95/100 Prob. 5/100 Prob. 95/100 Prob. 5/100 [1.70 ; 2.37]
9 Prob. 99/100 Prob. 1/100 Prob. 99/100 Prob. 1/100 [2.37 ; ∞)
10 Prob. 100/100 Prob. 0/100 Prob. 100/100 Prob. 0/100 non-monotone

Each of the eight different tables was received by 116 subjects and all 232 subjects

were in either of eight different treatments. The treatments were designed to control for

order effects, not only whether subjects answered low- or high-stakes tables first, but

also whether HL tables or our tables (adjusted and original) were answered first. The

eight treatments ensured that every subject had the same ex-ante expected income.14

In the comparison of the HL method and our method we will ask several questions.

Firstly, whether both methods yield the same classification of individuals concerning

both the direction and the intensity of risk attitude. Secondly, whether both methods

yield similar levels of risk aversion intensity. Thirdly, what the effect is of increasing

the stakes (i.e. multiplying all outcomes by five) on these RRA estimates. And lastly,

how robust our results are.

1.5 Results

1.5.1 Directions of Risk Attitudes

Before analyzing the intensities of risk attitudes, we can ask how many of the

subjects that can be classified are risk-averse, risk-neutral, and risk-seeking. Under low

stakes, we find that 79% are risk-averse, 11% are risk-neutral, and 10% are risk-seeking

14The eight treatments were: 1. HLol, MRal, HLoh, MRah; 2. MRol, HLal, MRoh, HLah; 3. MRal,
HLol, MRah, HLoh; 4. HLal, MRol, HLah, MRoh; 5. HLoh, MRah, HLol, MRal; 6. MRoh, HLah,
MRol, HLal; 7. MRah, HLoh, MRal, HLol; 8. HLah, MRoh, HLal, MRol. We chose to let each subject
answer only four and not all eight different tables, because eight tables would have required too many
decisions for them.
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in the HL tables. The respective numbers for our tables are 81%, 9%, and 10%. Under

high stakes, 88% are risk-averse, 7% are risk-neutral, and 5% are risk-seeking in the HL

tables whereas the respective numbers are 88%, 6%, and 6% in our tables. This suggests

that both methods yield identical classifications of subjects concerning the direction of

risk attitude.

This finding is confirmed when we look at within subject classifications. Among

the subjects that can be classified, we find that 84% have the same direction of risk

attitude across both methods under low stakes, where 76% are risk-averse, 4% are

risk-neutral, and 4% are risk-seeking in both methods. Under high stakes, 90% have

the same direction of risk attitude in both methods with 84% being risk-averse, 4%

risk-neutral, and 2% risk-seeking.

For each relevant comparison of both methods (i.e. HLol vs. MRal, HLoh vs. MRah,

HLal vs. MRol, and HLah vs. MRoh) we perform sign tests in order to see whether

the HL tables yield a different classification on the direction of risk attitude than our

tables. We find that none of the comparisons is significant.15 We can now state our

first result.

Result 1.1 The HL method and our method do not yield a different classification of

individuals concerning the direction of risk attitude (risk-averse, risk-neutral, or risk-

seeking).

1.5.2 Intensities of Risk Attitudes

While Result 1.1 shows that both methods yield the same classification concerning

the direction of risk attitude, another question is whether both methods also yield the

same classification concerning the intensity of risk attitude. Are individuals similarly

classified as more or less risk-averse across both methods? This is an important ques-

tion as it answers whether the methodological problem of using the HL method (due

to the required assumption of EUT) is indeed an empirically relevant one. If both

methods yielded the same classification of subjects concerning the intensity of risk at-

titude, results of experimental studies that used the HL method (and thereby assumed

EUT) in order to classify subjects as more or less risk-averse would not be flawed. If,

however, subjects are differently classified as more or less risk-averse in both methods,

the methodological problem of assuming EUT for the classification in the HL method

is in fact empirically relevant.

15The results (p-values, number of observations N) of two-sided Sign tests are: HLol vs. MRal
(p = 1.0000, N = 76), HLoh vs. MRah (p = 1.0000, N = 71), HLal vs. MRol (p = 0.1094, N = 66),
and HLah vs. MRoh (p = 1.0000, N = 71).
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In order to answer this question we take the following approach. We first take a

subject in an HL table and determine whether she is classified as more, less, or equally

risk-averse than any other subject. We then take the same subject in our table and

determine as well whether she is classified as more, less, or equally risk-averse than

each of the other subjects. When we now compare this subjects pair-wise comparisons

(to all other subjects) in both tables, we can identify for this subject whether she is

classified the same or differently (against each of the other subjects) across both tables.

Since we perform this task not only for one specific but for all subjects, we can identify

against how many of the other subjects a subject changes her pair-wise comparison

across methods on average.

This method is exemplified in Table 1.5. In Table 1.5A we consider the HL table

with the original RRA ranges and high stakes (HLoh). If a cell displays the sign ‘>’, it

means that the row subject is measured to be more risk-averse than the column subject.

Similarly, an entry of the sign ‘<’ denotes that the column subject was found to be more

risk-averse than the row subject and ‘=’ indicates an identical amount of risk aversion

of both subjects. An entry of ‘−’ means that at least one of the two subjects made

inconsistent choices in this elicitation table. In Table 1.5B the same procedure is applied

to the elicitation table of our method that is the relevant comparison to the table of

Table 1.5A. MRah is in this case the relevant comparison, since it exhibits identical

RRA ranges and stakes as HLah. Finally, in Table 1.5C it is displayed whether the

relative comparisons of the two subjects of a cell are identical (‘=’) or different (‘6=’)

for the two measurement devices of Table 1.5A and Table 1.5B. An entry of ‘−’ means

that in at least one of the two elicitation tables at least one subject made inconsistent

choices. Such an analysis of changes in pair-wise comparisons cannot only be made for

HLoh vs. MRah, but also for HLol vs. MRal, HLal vs. MRol, and HLah vs. MRoh.

Table 1.5: Relative Comparison of Risk Aversion

Panel A: Panel B: Panel C:
HLoh MRah HLoh vs. MRah

Subject 1 2 3 · · · 116 1 2 3 · · · 116 1 2 3 · · · 116
1
2 - - -
3 > - > - = -
...

...
...

...
. . .

...
...

...
. . .

...
...

...
. . .

116 > - = · · · < - < · · · 6= - 6= · · ·
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When we compare the HL tables to our tables we find that on average subjects

change their pair-wise comparison to 49% of the other subjects.16 So, the average sub-

ject has a different standing towards almost half of the other subjects across methods.17

Result 1.2 The HL method and our method yield a different classification of individ-

uals concerning the intensity of risk aversion relative to other individuals.

Results 1.1 and 1.2 are of great interest for other experimental studies that use

the HL method to control for risk aversion in observed behavior but which are not

specifically interested in the absolute level of risk aversion intensity. However, there are

other studies where the absolute level of risk aversion is important in order to derive

quantitative predictions of a theoretical model. In the following we therefore investigate

what the levels of risk aversion intensity are in both methods and how robust these RRA

estimates are towards increasing the stakes.

Concerning the level of the intensity of risk attitude we again find systematic dif-

ferences between both methods. Figure 1.1 shows the cumulative distributions of RRA

for all eight different elicitation tables (using uniform distributions within the RRA

ranges). The cumulative distributions of relative risk aversion of all four HL tables lie

above those of our four tables. While almost none of the subjects lies in the highest

RRA range in the HL tables, many subjects fall into the highest RRA range when our

method is used.18 The medians of RRA using the HL method are all below the medians

when our method is used. In the HL tables the medians lie in RRA ranges below one

(HLol: [0.41; 0.68]; HLal: [0.65; 0.85]; HLoh: [0.68; 0.97]; HLah: [0.65; 0.85]) but they lie

16The comparisons we make yield the following results. The average subject changes her relative
standing (of being more, less, or equally risk-averse) to 54%, 52%, 47%, and 42% of the other subjects
in the respective comparisons of HLol vs. MRal, HLoh vs. MRah, HLal vs. MRol, and HLah vs. MRoh.
Overall, we employed 9965 pairs of pair-wise comparisons in which both subjects were consistent in
both elicitation tables.

17Note that subjects also change their standing to other subjects across stakes (but within methods).
However, we can test whether subjects change their standing across methods more than across stakes.
Holding the stakes effect constant, we find that subjects increase their standing to other subjects
on average by 36% when the method in addition to the stakes changes. When performing two-sided
Wilcoxon signed-rank tests we find that subjects change their ranking significantly more across methods
than across stakes (HLol vs. HLoh against HLol vs. MRah (z = −5.262, p = 0.0000, N = 68), HLal
vs. HLah against HLal vs. MRoh (z = −6.366, p = 0.0000, N = 67), MRol vs. MRoh against MRol vs.
HLah (z = −2.431, p = 0.0151, N = 63), and MRal vs. MRah against MRal vs. HLoh (z = −3.169,
p = 0.0015, N = 57)). Results do not change when using two-sided Mann Whitney U tests instead
(HLol vs. HLoh against HLol vs. MRah (p = 0.0000, N = 170), HLal vs. HLah against HLal vs. MRoh
(p = 0.0000, N = 157), MRol vs. MRoh against MRol vs. HLah (p = 0.0273, N = 135), and MRal vs.
MRah against MRal vs. HLoh (p = 0.0000, N = 133)).

18Note that as the highest range goes to infinity, the cumulative distribution functions do not end
at 100 for the displayed values of RRA. Similarly, as the lowest range goes to minus infinity, the
cumulative distribution functions do not start at 0 for the reported RRA values. This is also the
reason why we cannot investigate the means of RRA but only the medians.
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Figure 1.1: Cumulative Distributions of RRA for All Tables

in RRA ranges above one with our tables (MRol: [1.70; 2.27]; MRal: [1.37;∞); MRoh:

[1.18; 1.70]; and MRah: [0.97; 1.37]). While Figure 1.1 shows the overall picture, Figures

1.2 and 1.3 show the specific distributions that need to be compared in the analysis of

our data.19

Figure 1.2 compares the HL method and our method. For low and high stakes we

can compare the original to the adjusted tables since the adjustment was such that the

ranges of RRA were identical in both tables. In all four panels the HL method yields

clearly lower measures of RRA. This is the case no matter whether the adjustment took

place for the HL method (Figure 1.2C and 1.2D) or for our method (Figures 1.2A and

1.2B) or whether we look at low (Figures 1.2A and 1.2C) or high stakes (Figures 1.2B

and 1.2D).

Figure 1.3 shows the effect of increasing the stakes in both methods. Since the

cumulative distributions of the high-stakes HL tables lie below those of the low-stakes

HL tables (Figures 1.3A and 1.3C), increasing the stakes seems to increase relative risk

aversion. This is in contrast to our method where increasing the stakes does not cause

risk aversion to increase. The cumulative distributions of our high-stakes tables rather

cross those of our low-stakes tables (Figures 1.3B and 1.3D). This picture seems not

to be affected by the fact whether we compare original (Figures 1.3A and 1.3B) or

adjusted tables (Figures 1.3C and 1.3D).

19In Figures 1.2 and 1.3 we omitted naming the axis, but since all distribution lines are taken from
Figure 1.1 and just considered in isolation, the notation of Figures 1.2 and 1.3 is of course the same
as in Figure 1.1.
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Figure 1.2: Cumulative Distributions of RRA: Comparing Methods

Figure 1.3: Cumulative Distributions of RRA: Comparing Stakes



CHAPTER 1. MEASURING RISK AVERSION 39

Since each subject made decisions in four tables, we also test differences between

methods and stakes using matched pairs. Table 1.6 relates the original HL tables to our

adjusted tables, such that RRA ranges are identical and can be directly compared. And

Table 1.7 relates the adjusted HL tables to our original tables such that all comparisons

have identical RRA intervals. Reported are the number of observations (N), the z-

values, and the p-values of two-sided Wilcoxon signed-rank tests.20 In both tables, Table

1.6 and Table 1.7, in each cell it is tested if the elicitation method to the left yields

different measures of RRA than the elicitation method above. Consider an example

from Table 1.6. If HLol is compared to MRal, then a z-value of z = −4.922 indicates

that the left table (HLol) yields lower measures of RRA than the table above (MRal).

Table 1.6: Wilcoxon Signed-Rank Tests (HLo and MRa)

(N)
z-value MRah

p-value
(61)

MRal 0.488
0.6257

(72) (71)
HLoh -4.000 -2.580

0.0001 0.0099
(99) (76) (71)

HLol -5.081 -4.922 -4.815
0.0000 0.0000 0.0000

Comparing first the HL method and our method, we observe significantly higher

measures of RRA when our method is used (HLol vs. MRal and HLoh vs. MRah in

Table 1.6; and HLal vs. MRol and HLah vs. MRoh in Table 1.7). This holds at the

1%-level for all four comparisons of Figure 1.2. We can therefore state the following

result.

Result 1.3 Our method yields a higher intensity of risk aversion than the HL method.

Looking at the effect of increasing the stakes, we see that there is a significantly

positive effect on the RRA measure in the HL tables (HLol vs. HLoh in Table 1.6; and

HLal vs. HLah in Table 1.7). In contrast, there is no such effect observed when our

20Our results do not change when using two-sided Kolmogorov-Smirnov tests instead. The p-values
are all p = 0.000 for the comparisons of Figure 1.2 (with N = 186, 179, 172, 168 respectively for
Figures 1.2A, 1.2B, 1.2C, 1.2D). Thus, compared to the HL method our method yields significantly
higher measures of RRA. For the comparisons of Figure 1.3, we get p = 0.798 (N = 151) and p = 0.227
(N = 155) for Figures 1.3B and 1.3D, respectively. And we get p = 0.002 (N = 210) and p = 0.167
(N = 189) for the respective Figures 1.3A and 1.3C. Hence, while measures of RRA are not significantly
different between low and high stakes when our method is used, this is not the case with the HL
method. Here, increasing the stakes significantly increases measures of RRA in the original (two-sided
at 1%-level) as well as in the adjusted (one-sided at 10%-level) HL tables.
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Table 1.7: Wilcoxon Signed-Rank Tests (HLa and MRo)

(N)
z-value MRoh

p-value
(65)

MRol -0.270
0.7875

(70) (71)
HLah -3.215 -4.293

0.0013 0.0000
(90) (66) (67)

HLal -4.957 -3.756 -4.654
0.0000 0.0002 0.0000

method is used (MRal vs. MRah in Table 1.6; and MRol vs. MRoh in Table 1.7). So,

for the comparisons of Figure 1.3, we see that increasing the stakes by a factor of five

increases risk aversion significantly at the 1%-level only when the HL method is used.

With our method, there is no significant effect of increasing stakes.21

Result 1.4 While increasing the stakes by a factor of five increases the intensity of

risk aversion with the HL method, increasing the stakes has no effect on the intensity

of risk aversion with our method.

Results 1.3 and 1.4 show that our method not only yields higher risk aversion esti-

mates than the HL method, but also that our estimates are robust towards multiplying

all outcomes by five (thereby indicating CRRA). This is not the case for the HL esti-

mates. Here, we find increasing relative risk aversion (IRRA). Our findings for the HL

method are completely in line with the findings of Holt and Laury (2002). Nevertheless,

the results for our method are much closer to what is observed in the empirical liter-

ature. Several empirical studies indicate a measure of RRA roughly between one and

two (e.g. Tobin and Dolde, 1971; Friend and Blume, 1975; Kydland and Prescott, 1982;

Hildreth and Knowles, 1982; Szpiro, 1986; Chetty, 2006; or Bombardini and Trebbi,

2010) and Mehra (2003, p59) notes that “most studies indicate a value for α that is

close to 2.” (Here, α is the measure of RRA) An experimental study by Levy (1994)

rejects the existence of IRRA. Other empirical studies (e.g. by Szpiro, 1986; Friend and

Blume, 1975; Brunnermeier and Nagel, 2008; or Calvet and Sodini, 2010) find support-

ive evidence for CRRA. Fehr-Duda et al. (2010) show in their experimental study that

IRRA is entirely driven by transformations of the probability weighting function as

stakes increase. In contrast to the HL method, our method is invariant to probability

21As can be seen from Tables 1.6 and 1.7, even the signs of the z-values are positive (adjusted
tables) and negative (original tables).
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weighting. Hence, this may be the reason why there is a stakes effect only with the HL

method.

Another possible explanation for the results of Holt and Laury (2002) and ours is

that subjects need higher incentives when they have to exert more cognitive effort. In

the HL tables, subjects need to exert a higher amount of cognitive effort than in our

tables since the varying probabilities are difficult to handle. By contrast, in our tables

all probabilities are one half and 50/50 odds seem easy to work with. When subjects

have too little incentives to exert the cognitive effort that is required to reveal their

true level of risk aversion, it seems reasonable that they anchor their decision on the

50/50 choice (i.e. row 5 in the original HL tables). Note that this is also the modal

switching point under low stakes in Holt and Laury (2002). Our results and the results

of Holt and Laury (2002) suggest that increasing the stakes increases risk aversion with

the HL method. So, as incentives increase subjects are more willing to exert such effort

and thereby show their true level of risk aversion.22 This might be the reason that

Holt and Laury (2002) do not observe such a stake effect with hypothetical payoffs.

With our method, subjects do not need much cognitive effort to handle 50/50 chances.

Already our low-stakes tables give sufficient incentives to show subjects’ true level of

risk aversion. Increasing the stakes has therefore no effect on risk aversion with our

method. It is interesting to note that increasing the stakes by a factor of five seemed

not to be sufficient to show subjects’ true level of risk aversion in the HL tables since

risk aversion was still lower than in our tables. This is, however, consistent with the

findings of Holt and Laury (2002) who increased stakes by factors of 20, 50, and 90.

They showed that risk aversion increased with these higher stakes and that the RRA

of one third of subjects was in the highest RRA range when stakes are increased by a

factor of 90. Harrison et al. (2005) use a design similar to Holt and Laury (2002) but

control for order effects. They find that stakes effects are only significant between a

factor of 20 and 50 (or 90), but not between 50 and 90. Of course, if incentives increase

even further beyond a factor of 50, only few subjects need such high incentives to exert

their required cognitive effort and we should expect that the increase in risk aversion

is not significant anymore. Although this cognitive effort explanation may drive the

results of our experiment, we did not design the experiment to test this explanation.

Further research should therefore investigate this potential explanation more closely in

order to answer the question what the true level of risk aversion is.

22Note that in Holt and Laury (2002) there are also less inconsistent subjects under high stakes and
more inconsistencies under comparable hypothetical payoffs.
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1.5.3 Robustness

One may be concerned that the differences in the RRA estimates between the HL

method and our method may be due to a preference for switching in the same row

across tables. For instance, if a subject always switches after row 5 (from A to B in

the HL tables and from B to A in our tables) we would measure a higher RRA in

our tables. When comparing the HL tables to our tables, there are always the same

number of rows where identical switching behavior would induce a higher RRA with

our method as there are where identical switching leads to a higher RRA with the HL

method.23 Nevertheless, if a majority of subjects switched in exactly those rows where

we would measure a higher RRA for our tables, Result 1.3 may simply be explained by

a preference for identical switching behavior.

For all four comparisons of Figure 1.2, we find that only a minority of subjects

switches in the same row in both tables. The respective numbers are 19.7%, 9.9%,

10.6%, and 12.7% for Figures 1.2A, 1.2B, 1.2C, and 1.2D.24 Nevertheless, of those

subjects that switch in the same row a majority switches in those rows that induce a

higher RRA with our method. For the respective Figures 1.2A, 1.2B, 1.2C, and 1.2D

80%, 85.7%, 71.4%, and 55.6% of the ‘same row switchers’ switch in rows where our

tables yield a higher RRA, and only 13.3%, 0%, 28.6%, and 11.1% switch in rows where

the HL tables yield a higher RRA. It may therefore be possible that a preference for

identical switching behavior drives Result 1.3.

However, we can test whether Result 1.3 still holds for those subjects that switch

in different rows. If we exclude the ‘same row switchers’, we can test whether Result

1.3 is driven by a preference for switching in the same row across both types of tables.

For the comparisons of Figure 1.2, we again perform two-sided Wilcoxon signed-rank

tests where we exclude ‘same row switchers’.25 For all comparisons we observe that

differences are still significant. For the comparison of HLol vs. MRal (Figure 1.2A) we

23When comparing original HL tables to our adjusted tables (HLol vs. MRal and HLoh vs. MRah),
switching after row 1, 5, and 6 yields a higher RRA in our tables, switching after row 3, 4, 8, and
9 yields a higher RRA in the HL tables, and switching after row 2 and 7 yields the same RRA in
both tables. Never switching (choosing always B in both tables) also leads to a higher RRA in our
tables. When comparing our original to the adjusted HL tables (HLal vs. MRol and HLah vs. MRoh),
switching after row 3, 4, and 5 yields a higher RRA in our tables, switching after row 2, 7, 8, and 9
yields a higher RRA in the HL tables, and switching after row 1 and 6 leads to the same RRA in both
tables. Again, never switching and choosing always B yields a higher RRA in our tables.

24Note that all subjects answered not only two but four tables. And there are only two subjects
that switch in the same row in all four tables.

25When performing two-sided Kolmogorov-Smirnov tests instead, we observe similar results. All
comparisons of Figure 1.2 stay significant at the 1%-level (p = 0.000, N = 122 for Figure 1.2A;
p = 0.008, N = 128 for Figure 1.2B; p = 0.000, N = 118 for Figure 1.2C; and p = 0.000, N = 124 for
Figure 1.2D).
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get z = −4.540, p = 0.0000, N = 61. For the comparison of HLoh vs. MRah (Figure

1.2B) we get z = −1.787, p = 0.0740, N = 64. The comparison of HLal vs. MRol

(Figure 1.2C) yields z = −3.908, p = 0.0001, N = 59, and the comparison of HLah vs.

MRoh (Figure 1.2D) yields z = −3.982, p = 0.0001, N = 62. Thus, the differences of

Figures 1.2A, 1.2C, and 1.2D are still significant at the 1%-level, and the difference of

Figure 1.2B is still significant at the 10%-level. We can now state the following result.

Result 1.5 Result 1.3 is not due to a preference for switching in the same row across

both methods.

Since we had eight different treatments in our experiment, we can also test whether

the order in which the tables were presented to the subjects had an effect on the elicited

intensity of risk aversion. This could be the case if subjects are primed to think about

all tables in terms of the first table they completed. To control for such order effects,

we first test for each of the comparisons of Figure 1.2 whether it made a difference if

a specific table was completed before or after its corresponding ‘other-type’ table. As

an example, consider the HLol table. Here, we test whether the RRA distribution of

HLol in treatment 1 and 5 (where it is completed before MRal) is different to the RRA

distribution of Hlol in treatment 3 and 7 (where it is completed after MRal). For each

of the eight different tables we perform a two-sided Kolmogorov-Smirnov test on the

equality of RRA distributions and find no significant difference in either table.26

To control for order effects in the comparisons of Figure 1.3, we also test for each

table whether it made a difference if it was completed before or after its corresponding

‘other-stake’ table. Consider again as an example the HLol table. Here, we test whether

the RRA distribution of HLol in treatment 1 and 3 (where it is completed before HLoh)

is different to the RRA distribution of HLol in treatment 5 and 7 (where it is completed

after HLoh). Again, none of the two-sided Kolmogorov-Smirnov tests shows a significant

difference.27 We are now able to summarize these results on order effects. The order

effects that are captured by Result 1.6 test whether high-stakes tables are completed

before or after corresponding low-stakes tables (and vice versa) as well as whether

original (HL and MR) tables are completed before or after corresponding adjusted

(MR and HL) tables (and vice versa).

26The results of the two-sided Kolmogorov-Smirnov tests are: HLol (p = 0.199, N = 107), HLal
(p = 0.822, N = 94), HLoh (p = 1.000, N = 103), HLah (p = 0.949, N = 95), MRol (p = 0.424,
N = 78), MRal (p = 0.896, N = 79), MRoh (p = 0.545, N = 73), and MRah (p = 0.763, N = 76).

27The results of the two-sided Kolmogorov-Smirnov tests are: HLol (p = 0.188, N = 107), HLal
(p = 0.949, N = 94), HLoh (p = 0.990, N = 103), HLah (p = 0.940, N = 95), MRol (p = 0.796,
N = 78), MRal (p = 0.979, N = 79), MRoh (p = 0.775, N = 73), and MRah (p = 0.957, N = 76).
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Result 1.6 The order in which tables were completed by subjects does not influence the

elicited intensities of risk aversion.

The analysis of Sections 1.5.1 and 1.5.2 excluded subjects that switched multiple

times from one option to another, or chose the first-order dominated option, and thus

were inconsistent in completing a table. Over all eight different tables, we find that

on average 24% of subjects are inconsistent which is in line with other studies.28 How-

ever, Holt and Laury (2002) treated those inconsistent subjects differently than we did.

They simply counted how often subjects chose each option (even if the option was not

only chosen in subsequent rows) and assumed the inconsistency away. If we treat our

inconsistent subjects in the same way, we can test whether the inconsistent subjects

show a different pattern of risk aversion than the consistent subjects. When performing

Kolmogorov-Smirnov tests, we do not find any significant difference in the distributions

of consistent and inconsistent subjects.29

1.6 Conclusion

The multiple price-list method of HL has become the standard way to measure the

intensity of individuals’ risk attitudes in experiments. Several other methods which also

involve choices between lotteries have been proposed to accomplish a similar task. None

of these approaches uses mean preserving spreads among different choice situations in

a way similar to our approach. Since it is exactly this feature that allows us to classify

subjects as more or less risk-averse independently of a specific model, other elicitation

methods need to impose the same utility structure on all individuals in order to classify

28Of those 24%, 18% switched multiple times and 6% chose the first-order dominated option. Bruner
et al. (2008), for instance, find 30% inconsistent subjects where 25% are multiple switchers and 5%
have non-increasing utility. Jacobson and Petrie (2009) or Prasad and Salmon (2010) even find that
more than half of the subjects behave inconsistently. As noted by Andersen et al. (2006, p386) “it is
quite possible that [multiple] switching behavior is the result of the subject being indifferent between
the options. The implication here is that one simply use a “fatter” interval to represent this subject in
the data analysis, defined by the first row that the subject switched at and the last row that the subject
switched at.” When allowing for indifference, Andersen et al. (2006) find that multiple switching is
only 5.8% and 24.3% choose the indifference option. When imposing a single switching point, choosing
indifference increases to 30%, which again indicates that multiple switching behavior is caused by
‘thicker’ indifference curves. In contrast, Bruner (2007) suggests an instructional variation emphasizing
that only one decision will determine earnings (and further emphasizing incentive compatibility of the
payment rule) and finds multiple switching reduced, from 25.8% to 6.7% and from 13.3% to 2.3% in
two different elicitation formats (see also Andreoni and Sprenger, 2010). This would rather suggest
that multiple switching is caused by errors.

29The results of the two-sided Kolmogorov-Smirnov tests are: HLol (p = 0.916, N = 116), HLal
(p = 0.390, N = 113), HLoh (p = 0.328, N = 116), and HLah (p = 0.180, N = 116). Subjects were
only excluded in case they never chose option B (3 subjects in HLal), since then even reshuffling their
choices cannot make them consistent.
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them. None of the methods is model-independent in that it can rank individuals as

more or less risk-averse when they have heterogeneous risk preferences, such as EUT

and non-EUT. This seems especially problematic in light of existing evidence.

After modifying the HL method and thereby proposing a new model-independent

multiple price-list method to elicit the intensity of individuals’ risk attitudes, we further

compared our proposed method to the HL method in a laboratory experiment. Our

results for the HL method replicate the findings of Holt and Laury (2002). Furthermore,

concerning the direction of risk attitude (i.e. risk-averse, risk-neutral, or risk-seeking)

we find that individuals are classified the same across both methods.

However, with our method we found systematic differences concerning the intensity

of risk attitude. The classification of individuals as being more or less risk-averse than

other individuals is quite different across methods. This is important for experimen-

tal studies that use the HL method (and thereby assume EUT for the classification)

in order to control for risk aversion in observed behavior, because it shows that the

methodological problem is in fact empirically relevant. Concerning the level of indi-

viduals’ intensity of risk aversion we found that our method yields higher measures of

risk aversion that are much closer to what is observed in the field. Furthermore, while

increasing the stakes increases risk aversion with the HL method, our method is robust

towards such stakes effects. We also offered a cognitive effort explanation of our results

that needs to be tested in future research. This may help to answer the important

question of what subjects’ true level of risk aversion is after all.
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1.7 Appendix A: The General Model-Independent

Method

Define row i as consisting of two alternatives Ai and Bi. Each alternative consists of two

possible outcomes, A1i and A2i of alternative Ai and B1i and B2i of alternative Bi. Given

row i is the row played (if only one row of the table is randomly selected to be played), each

outcome of each alternative is realized with probability 1/2. Choose a row i = m and define

A1m ≡ a,A2m ≡ b, B1m ≡ c,B2m ≡ d, where a, b, c, d ∈ R. Without loss of generality, choose

a and b such that a < b, and c and d such that c < d.30 Our method of elicitation requires

that a ≤ c, b ≤ d, and at least one relation holds strictly. It follows that

Am ≺FSD Bm. (1.1)

(1.1) means that Bm first-order stochastically dominates (FSD) Am.31 Every individual with

strictly increasing utility prefers Bm over Am.

Then define values of row m + 1 as follows: A1m+1 ≡ a,A2m+1 ≡ b, B1m+1 ≡ c −
k1, B2m+1 ≡ d + k1. Further define values of row m + 2 in the following way: A1m+2 ≡
a,A2m+2 ≡ b, B1m+2 ≡ c − k1 − k2, B2m+2 ≡ d + k1 + k2. Continue these mean preserving

spreads (MPS’s) of option B until the last row is reached. Generally, for ň > 0 we can define

A1m+ň ≡ a,A2m+ň ≡ b, B1m+ň ≡ c − k1 − k2 − . . . − kň, B2m+ň ≡ d + k1 + k2 + . . . + kň,

where k1, k2, . . . ∈ R+.

In a similar way, we can define values of row m− 1 as follows: A1m−1 ≡ a− k1, A2m−1 ≡
b + k1, B1m−1 ≡ c,B2m−1 ≡ d. Now define values of row m − 2 as follows: A1m−2 ≡
a − k1 − k2, A2m−2 ≡ b + k1 + k2, B1m−2 ≡ c,B2m−2 ≡ d. Again, these MPS’s of option

A can be continued until the first row is reached. Generally, for n̂ > 0 define A1m−n̂ ≡
a − k1 − k2 − . . . − kn̂, A2m−n̂ ≡ b + k1 + k2 + . . . + kn̂, B1m−n̂ ≡ c,B2m−n̂ ≡ d, where

k1, k2, . . . ∈ R+.

With these definitions it follows that for all i the expected values are E[Ai] = a+b
2 and

E[Bi] = c+d
2 . Table 1.8 illustrates our generalized elicitation method.

From k1, k2, . . . > 0 and k1, k2, . . . > 0 it follows that for all i ≥ m we can state B1i >

B1i+1 and B2i < B2i+1. Also, for all i ≤ m it holds that A1i > A1i−1 and A2i < A2i−1.

Let us first consider all rows with i ≥ m. Since all A1i and A2i are identical, it follows

that

Am = Am+1 = . . . = Am+ň

⇒ Am ∼ Am+1 ∼ . . . ∼ Am+ň. (1.2)

30We chose to make these inequalities strict in order to avoid ‘certainty effect’ issues.
31In order to make this more salient, we even used state-wise dominance as a special case of FSD

in the experiment.
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Table 1.8: Our Generalized Elicitation Method

Row Option Ai Option Bi
No. Prob. 1/2 Prob. 1/2 Prob. 1/2 Prob. 1/2
i Outcome A1i Outcome A2i Outcome B1i Outcome B2i
. . . . . . . . . . . . . . .

m− n̂ a− k1 − k2 − . . .− kn̂ b+ k1 + k2 + . . .+ kn̂ c d
. . . . . . . . . . . . . . .

m− 2 a− k1 − k2 b+ k1 + k2 c d
m− 1 a− k1 b+ k1 c d
m a b c d

m+ 1 a b c− k1 d+ k1

m+ 2 a b c− k1 − k2 d+ k1 + k2

. . . . . . . . . . . . . . .
m+ ň a b c− k1 − k2 − . . .− kň d+ k1 + k2 + . . .+ kň
. . . . . . . . . . . . . . .

Since B1m+ň = B1m+ň−1 − kň and B2m+ň = B2m+ň−1 + kň it follows that Bm+ň is a MPS

of Bm+ň−1.32 We use the standard (behavioral) definition of risk aversion and say that an

individual is risk-averse if she dislikes increases in risk, i.e. if she dislikes MPS’s. We thus

employ the increasing risk definitions of Rothschild and Stiglitz (1970). For every risk-averse

individual

Bm ≺MPS Bm+1 ≺MPS . . . ≺MPS Bm+ň

⇒ Bm � Bm+1 � . . . � Bm+ň. (1.3)

Combining (1.1), (1.2), and (1.3) we can derive that the choice between Am+ň and Bm+ň for

every ň > 0 is a trade-off between the advantage of the FSD-improvement from Bm over Am

(= Am+ň) and the disadvantage of the increase(s) in risk (MPS(’s)) when going from Bm to

Bm+ň.33

Suppose an individual chooses Am+ň over Bm+ň, but chooses Bm+ň−1 over Am+ň−1.

Then, the MPS’s from row m until row m+ ň− 1 were not enough to distract him from the

FSD-improvement of Bm over Am. In contrast, the MPS’s from row m until row m+ ň were

enough to outweigh the FSD-improvement of Bm over Am. So, we can define an ’intermediate’

hypothetical option B̄m+ň with B̄1m+ň = B1m+ň−1 − κkň and B̄2m+ň = B2m+ň−1 + κkň.

The κ ∈ [0; 1] is chosen such that Am+ň ∼ B̄m+ň. Put differently, κ is the fraction of kň that

would make the individual indifferent between Am+ň and Bm+ň if κkň instead of kň would

32In going from Bm+ň−1 to Bm+ň, general MPS’s could be applied. However, since we defined each
option as having two possible outcomes only (where each occurs with probability 1/2) a MPS can only
be attained by adding and subtracting kň. In giving up that all outcomes of the table are equally
likely, one would not only require that subjects understand situations other than certainty and equally
likely, but one would also introduce complications such as probability weighting.

33Note that one could also use mean preserving contractions (i.e. decreases in risk) when going from
Am to Am+ň, either instead or in addition to the MPS’s that are used when going from Bm to Bm+ň.
This would be useful if one wanted to induce similar changes between the two alternatives over the
rows of the table.
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have been used. For this individual B̄m+ň is then a mean utility preserving spread of Am+ň

in the sense of Diamond and Stiglitz (1974).

Now, suppose there is another individual who is less risk-averse. This individual would

then still strictly prefer B̄m+ň over Am+ň. It follows, that this individual would choose at

least as many times B over A as the more risk-averse individual.34 The smaller the ki’s, the

finer are the differences in risk aversion that can be observed. Any observed differences in

behavior must be due to (sufficiently strong) differences in risk aversion.

In order to distinguish risk-seeking individuals, consider all rows with i ≤ m. Since all

B1i and B2i are identical, it follows that

Bm = Bm−1 = . . . = Bm−n̂

⇒ Bm ∼ Bm−1 ∼ . . . ∼ Bm−n̂. (1.4)

Since A1m−n̂ = A1m−n̂+1 − kn̂ and A2m−n̂ = A2m−n̂+1 + kn̂ it follows that Am−n̂ is a MPS

of Am−n̂+1. Of course, every risk-seeking individual likes MPS’s and thus

Am ≺MPS Am+1 ≺MPS . . . ≺MPS Am−n̂

⇒ Am ≺ Am−1 ≺ . . . ≺ Am−n̂. (1.5)

Combining (1.1), (1.4) and (1.5) we can derive that the choice between Am−n̂ and Bm−n̂ for

every n̂ > 0 is a trade-off between the advantage of the FSD-improvement from Bm (= Bm−n̂)

over Am and the advantage of the increase(s) in risk when going from Am to Am−n̂. By similar

arguments as before, it follows that a less risk-seeking individual would choose at least as many

times B over A as the more risk-seeking individual.

As in the HL tables, for risk-averse as well as for risk-seeking individuals it is optimal

to switch options only once. Risk-averse individuals switch from B to A after row m (the

earlier the more risk-averse) and risk-seeking individuals switch from A to B before row m

(the earlier the less risk-seeking).35 For risk-neutral individuals it is optimal to choose option

B throughout since it offers the higher expected payoff.

34Strictly speaking, an individual who chooses as many times B over A as another individual could
still be slightly more or slightly less risk-averse. In this case her κ would be lower or higher, respectively.

35Of course, if one wanted to induce switching from A to B for most (i.e. risk-averse) subjects as
in the HL tables, one could achieve this by just exchanging alternatives A and B.
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1.8 Appendix B: Instructions (translated from German)

Instructions for the Experiment
(please read carefully!)

Dear participant,

thank you very much for your attendance. You are now participating in an experiment at

the MELESSA laboratory. From now on you are not allowed to communicate with the other

participants. If you have any questions, please alert one of the experimenters by raising your

hand. The experimenter will then come to your seat to answer your question. It is prohibited

to use cell phones or to open other programs on your computer. Should you have any per-

sonal belongings (books, magazines, etc.) on your desk, please store them in your bag now.

If you violate any of these rules, we will have to exclude you from the experiment without

compensation.

This experiment consists of two parts.

In the first part of the experiment you will have to make decisions in four tables. These

decisions and chance will determine how large your payment (in addition to your show-up fee

of 4 euros) will be for this experiment.

After the determination of your payment, we will ask you in the second part of the experi-

ment, to fill out a questionnaire about personal characteristics. Then, the experiment will be

finished, you will receive your payment, and can leave.

The course of events during the experiment will be the following:

1. First, please read the provided instructions for this experiment carefully. Control ques-

tion will show if you understood them.

2. Then, you will complete the first part of the experiment (four tables) at the computer.

3. After all participants have completed the first part, chance and the decisions you made

will determine your payment for the experiment.

4. Subsequently, you will complete the second part of the experiment (questionnaire) at

the computer.

5. When your seat number is called, you will leave the room and receive your payment.

The experiment is finished and you can leave.
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General Instructions

In the first part of the experiment you will have to make decisions in four tables. The tables

will appear one after another on your computer screen. Once you have completed a table (by

clicking the OK button on the screen) you cannot go back to change your decisions.

The following holds for all four tables:

A table consists of ten rows and you have to decide in each row between two alternatives

(alternative A and alternative B). Both alternative A and alternative B have two possible

outcomes.

The two possible outcomes of alternative A are called A1 and A2. The two possible outcomes

of alternative B are called B1 and B2. If you choose alternative A, chance will determine

whether you will receive outcome A1 or outcome A2. Likewise, if you choose alternative B,

chance will determine whether you will receive outcome B1 or outcome B2.

There are no objectively right or wrong decisions. However, you should in every row think

through whether you prefer the possible outcomes of alternative A (A1 and A2) or the possible

outcomes of alternative B (B1 and B2).

There are two different types of tables. You will make decisions in two tables of type 1 and

in two tables of type 2. All tables have different values of payments. This means that neither

tables of type 1 nor tables of type 2 are identical.

The difference between both types of tables is the following:

In tables of type 1, the probabilities of the possible outcomes are identical in every row while

the amounts of these outcomes change across rows.

In tables of type 2, the amounts of the possible outcomes are identical in every row while the

probabilities of these outcomes change across rows.

In the following both types of tables will be described in more detail.

In both types of tables the probabilities are always stated in parentheses.
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Instructions for Tables of Type 1

Please have a look at the following sample table (this is not one of the tables you will complete

in the experiment).

Screen 1: Sample Table of Type 1

In every row (1 to 10) you have to decide between alternative A and alternative B. The two

possible outcomes of alternative A (A1 and A2) and alternative B (B1 and B2) are always

equally likely. This means for instance, if you choose alternative A in a row, you will receive

outcome A1 with 50% probability and outcome A2 also with 50% probability.

While the probabilities of the possible outcomes are identical in every row, the amounts of

these outcomes differ.
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Instructions for Tables of Type 2

Please have a look at the following sample table (this is not one of the tables you will complete

in the experiment).

Screen 2: Sample Table of Type 2

Again, in every row (1 to 10) you have to decide between alternative A and alternative B.

The difference from type 1 tables is that now the amounts of the two possible outcomes of

alternative A (A1 and A2) and alternative B (B1 and B2) are identical in every row. However,

the probabilities of these possible outcomes are different in each row.
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Instructions for the Determination of Your Payment

Having made all decisions by completing all four tables, chance will determine the payment

you will receive. You will have to roll four dice. As soon as all participants have completed

the tables, an experimenter will come to your seat. Then, you will roll the four dice and,

supervised by the experimenter, enter the results of the dice rolls into the respective

computer screen. Note that you are not allowed to enter any numbers on this screen until

the experimenter is at your seat. A violation of this rule will lead to the exclusion from the

experiment without compensation. The four dice look like the following:

The red four-sided die (numbered from 1 to 4) decides which of the four tables

is relevant for your payment.

The white ten-sided die (numbered from 0 to 9) then decides which row in the

diced table is relevant. Note that the roll of a 0 counts as a 10.

Finally, the two blue ten-sided dice decide which of the two possible outcomes

you will in fact receive.

For instance, if you chose alternative B in the relevant table and row, the two blue ten-sided

dice would decide whether you received outcome B1 or B2. The sum of the two blue dice

yields a number between 1 and 100. One blue die is numbered with 0, 10, 20, 30, 40, . . . , 90,

and the other blue die is numbered with 0, 1, 2, 3, 4, . . . , 9. If the sum of both dice yields 0,

it will count as 100. Therefore, every number between 1 and 100 has the same probability of

being rolled.

In a table of type 1 you will receive the first outcome if the rolled number is between 1 and

50, and you will receive the second outcome if the rolled number is between 51 and 100. For

instance, if you chose alternative A in the relevant table and row, you would receive outcome

A1 if you rolled a number between 1 and 50 (which happens with 50% probability), and you
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would receive outcome A2 in case you rolled a number between 51 and 100 (which happens

with 50% probability). Therefore, in tables of type 1 both outcomes of an alternative are

always equally likely.

Example: Suppose the sample table of type 1 (screen 1) would be the relevant table for your

payment. Further, suppose you chose alternative B in rows 1 to 7 and alternative A in rows

8 to 10.

Now, if row 3 is the relevant row, you will receive B1 = 5.30 euros if you roll a number between

1 and 50 (which happens with 50% probability) and you will receive B2 = 5.50 euros if you

roll a number between 51 and 100 (which happens with 50% probability).

By contrast, if row 4 is the relevant row you will receive B1 = 4.00 euros if you roll a number

between 1 and 50 (which happens with 50% probability) and you will receive B2 = 6.80 euros

if you roll a number between 51 and 100 (which happens with 50% probability).

In a table of type 2 the relevant row determines with which rolled number you will receive

which outcome.

Example: Suppose the sample table of type 2 (screen 2) would be the relevant table for your

payment. Further, suppose you chose alternative A in rows 1 to 6 and alternative B in rows

7 to 10.

Now, if row 2 is the relevant row you will receive A1 = 4.00 euros in case you roll a number

between 1 and 20 (which happens with 20% probability), and you will receive A2 = 3.20 euros

if you roll a number between 21 and 100 (which happens with 80% probability).

By contrast, if row 6 is the relevant row you will receive A1 = 4.00 euros if you roll a number

between 1 and 60 (which happens with 60% probability), and you will receive A2 = 3.20 euros

if you roll a number between 61 and 100 (which happens with 40% probability).
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Control Questions

The following two control questions will help you to check whether you understood the in-

structions. Please write down the respective solutions and raise your hand when you have

answered all questions.

Control Question 1:

Suppose, after having completed the four tables, you roll a 3 with the red four-sided die. Fur-

ther, suppose that the sample table of type 1 (screen 1) was the third (and therefore relevant)

table you completed. Suppose that you chose alternative B in rows 1 to 5 and alternative A

in rows 6 to 10 in this table.

How large will your payment be if you roll a 2 with the white ten-sided die and a 89 with the

two blue dice?

How large will your payment be if you roll a 7 with the white ten-sided die and a 62 with the

two blue dice?

How large will your payment be if you roll a 5 with the white ten-sided die and a 41 with the

two blue dice?

Control Question 2:

Suppose, after having completed the four tables, you roll a 1 with the red four-sided die. Fur-

ther, suppose that the sample table of type 2 (screen 2) was the first (and therefore relevant)

table you completed. Suppose that you chose alternative A in rows 1 to 7 and alternative B

in rows 8 to 10.

How large will your payment be if you roll a 2 with the white ten-sided die and a 89 with the

two blue dice?

How large will your payment be if you roll a 7 with the white ten-sided die and a 62 with the

two blue dice?

How large will your payment be if you roll a 5 with the white ten-sided die and a 41 with the

two blue dice?

If you have answered both control questions, please raise your hand. An experimenter will

come to your seat to ensure that your solutions are correct. In case you have any further

questions, they will be answered as well.
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As soon as all participants have answered the control questions and no further questions arise,

the experiment will start on the computer screen.



Chapter 2

Reference-Dependent Risk Preferences

of Higher Orders
0

2.1 Introduction

While the well-known second-order effect of risk aversion describes a preference for

less uncertainty, higher-order risk preferences characterize how this preference changes

under different circumstances. For instance, the third-order effect of prudence plays

an important role for changes in risk aversion due to variations in wealth, and the

fourth-order effect of temperance is crucial for changes in risk aversion in the face of

a background risk. The theoretical literature on these higher orders is well-developed

(building on Kimball, 1990, 1992) since the importance of prudence for phenomena like

precautionary saving was recognized early (Leland, 1968). While numerous empirical

studies find supportive evidence for the presence of precautionary saving, they also show

that it is usually too low to be consistent with those theoretical models and common

assumptions about risk aversion.1 Also, contrary to observation, optimal precaution-

ary saving should theoretically lead to substantial crowding out of insurance demand

(Gollier, 2003).

Until now, theoretical models analyzing higher-order risk preferences were con-

strained to the framework of expected utility theory (EUT) in which they correspond

to the derivatives of the utility function. In contrast, in order to resolve various empir-

0This chapter is based on joint work with Maximilian Rüger.
1For instance, the test of Dynan (1993, p1104) “[. . . ] yields a fairly precise estimate of a small

precautionary motive; in fact, the estimate is too small to be consistent with widely accepted beliefs
about risk aversion.” In an overview article Carroll and Kimball (2008, pp583-584) conclude that “[. . . ]
estimates of relative risk aversion imply precautionary saving motives much stronger than those that
have been used empirically to match observed wealth holdings. This discrepancy remains unresolved.”

57
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ical puzzles concerning second-order risk preferences, a prominent strand of literature

(starting with Kahneman and Tversky, 1979) evolved that stresses the dependence of

preferences on a reference point. The latest advancement in this literature was made

by Kőszegi and Rabin (2006, 2007) who endogenize recent expectations as the refer-

ence point. We analyze higher-order risk preferences within their model of reference-

dependent preferences. We further show that our results can explain seemingly sub-

optimal levels of precautionary saving and insurance demand. As a robustness analysis,

it is also shown that alternative models, like disappointment, regret, or exogenous refer-

ence points yield different results and cannot resolve these empirical puzzles concerning

higher-order risk preferences.

Section 2.2 presents the two concepts that are merged in this chapter and gives the

theoretical background that is needed in order to understand how we derive our results.

In Section 2.2.1 we follow Eeckhoudt and Schlesinger (2006) and define lotteries that

represent higher-order risk preferences independently of a specific model. It is their

gamble representation that allows us to analyze higher orders in the model of Kőszegi

and Rabin (2007) which is presented in Section 2.2.2. In order to make our results

comprehensible as well as comparable to each other, we transform choices such that

they reflect preference relations as if the reference point was zero. This method of

transformation is explained in Section 2.2.3.

Our results are presented in Section 2.3. We show that individuals with expectation-

based reference-dependent preferences are neither prudent nor imprudent while second-

and fourth-order effects are still present. More specifically, using common functional

forms of gain-loss utility we show that individuals are risk-averse and intemperate,

but they are indifferent toward the third order independent of the functional form

of gain-loss utility. While risk aversion is also predicted by classical EUT models,

third- and fourth-order behavior differs substantially under reference dependence. We

generalize these results for risk preferences of arbitrary order n and show that those of

odd orders (except order one) are absent while those of even orders are still present.

The intuition for this result is based on the fact that odd-order risk preferences can

always be thought of as a decision on the location of risk(s), whereas even-order risk

preferences are concerned with the aggregation of risk(s). Due to the anticipation of

choices, the location does not matter for sensations of gains and losses.

In Section 2.4 some of the possible economic implications of our results are dis-

cussed. In general our results show that it may be highly problematic to derive optimal

behavior that rests on preferences of higher orders from measures of risk aversion. With

reference-dependent preferences combinations of certain risk attitudes are possible that
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cannot be consistently derived within EUT. More specifically, we show that empiri-

cal findings on seemingly sub-optimal amounts of precautionary saving under classical

EUT can be attributed to the optimal behavior of individuals with expectation-based

reference-dependent preferences. The reason is that reference dependence contributes

positively to risk aversion, but leaves prudence unaffected. Within classical EUT models

optimal precautionary saving is directly derived from measures of risk aversion. How-

ever, if individuals have reference-dependent preferences instead, measured risk aversion

will indeed be higher but not the optimal amount of precautionary saving. Also, the

theoretically puzzling existence of costly insurance when capital markets are well de-

veloped and individuals can accumulate buffer-stock wealth is less surprising for such

individuals. Under reference dependence second-order effects become relatively more

important than third-order effects.

In Section 2.5 we consider several other behavioral models in order to show that

the same results do not obtain under alternative specifications of the reference point.

Section 2.5.1 considers disappointment models where the reference point is the ex-

pectational mean of the chosen alternative (Bell, 1985; Loomes and Sugden, 1986).

Here, we do not observe the absence of odd-order risk preferences while even-order risk

preferences are similar to those of expectation-based reference dependence. In recent

empirical work it has been difficult to distinguish between these two models of reference

dependence. Our third-order result therefore suggests a new way how to differentiate

between expectation-based reference dependence and models of disappointment. In

Section 2.5.2 we analyze higher orders in models of regret (Bell, 1982, 1983; Loomes

and Sugden, 1982) where the reference point is the alternative that was not chosen.

It is shown that decisions taken to avoid regret are unaffected by even-order effects,

but odd-order effects still exist. This suggests that regret influences higher-order risk

preferences in the opposite way as expectation-based reference dependence. Risk pref-

erences of any order (except order one) differ between these two models, but regret

induces similar odd-order risk preferences as disappointment models. Models with ref-

erence points shaped by expectations and regret are usually analyzed separately rather

than jointly in a unified framework. However, our analysis shows the close relationship

they share. Risk preferences of a particular order are only affected by either expecta-

tions or regret as the reference point, but never by both. Lastly, we analyze exogenous

reference points, such as the status quo, in Section 2.5.3. Here, results vary with the

various reference points considered and attitudes concerning gains and losses. How-

ever, just as in the case of disappointment and regret, exogenous reference points do

not yield the same results as expectation-based reference dependence on higher-order
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risk preferences. Our robustness analysis of Section 2.5 therefore shows that alterna-

tive specifications of the reference point imply different results and cannot explain the

considered empirical puzzles that have been found with respect to higher orders.

Section 2.6 is devoted to the conclusion where we summarize our results and discuss

further extensions. All proofs appear in the Appendix.

2.2 Theoretical Background

2.2.1 Higher Orders

Within EUT it has long been recognized that risk preferences are not exhaustively

described via the concept of risk aversion alone. Already Leland (1968) and Sandmo

(1970) identified the importance of a positive third derivative of the utility function

for motives of precautionary saving. Since Kimball (1990) the feature of preferences

that is necessary and sufficient for such precautionary behavior is termed prudence.2

An equivalent concept to prudence, termed downside risk aversion, was established by

Menezes, Geiss, and Tressler (1980). It describes an aversion to mean-variance preserv-

ing transformations that shift risk from the right to the left of a wealth distribution.

Afterward, an extensive literature developed that discussed also higher derivatives of

utility functions and their implications for economically important decisions under un-

certainty. For instance, negative fourth derivatives of the utility function were shown to

be crucial for risk aversion to increase with the existence of an independent zero-mean

background risk (see Gollier and Pratt, 1996; or Eeckhoudt, Gollier, and Schlesinger,

1996). This fourth-order property of the utility function was termed temperance by

Kimball (1992) and outer risk aversion by Menezes and Wang (2005). Eeckhoudt and

Schlesinger (2008) show that temperance is necessary and sufficient for precautionary

saving to increase as the downside risk of future income rises.

Outside standard EUT, preferences of higher orders have not been considered ex-

plicitly in the literature yet. Building on the concept of nth-degree risk by Ekern (1980),

Eeckhoudt and Schlesinger (2006), however, provided definitions of all higher-order ef-

2Despite being not necessary and sufficient, prudence has also been shown to play an important
role in other economic applications, like for instance rent-seeking games (Treich, 2010), auctions (Eső
and White, 2004), bargaining (White, 2008), principal-agent monitoring (Fagart and Sinclair-Desagné,
2007), global commons problems (Bramoullé and Treich, 2009), inventory management (Eeckhoudt,
Gollier, and Schlesinger, 1995), or optimal prevention (Eeckhoudt and Gollier, 2005; or Courbage and
Rey, 2006). It has also been used in a more normative context to derive an optimal ecological discount
rate (Gollier, 2010) or to justify the so-called precautionary principle (Gollier, Jullien, and Treich,
2000; and Gollier and Treich, 2003).
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fects in terms of preferences over simple lotteries.3 This representation is quite general

since it is independent of a specific model. The authors showed that when applied in

an EUT framework their definitions correspond to the common definitions in terms of

derivatives used so far. Because we are interested in higher-order risk preferences under

reference dependence, we employ these gamble definitions in our analysis.

Denote initial wealth by y ∈ R.4 Let k ∈ R be a sure reduction in wealth with

k > 0. ε̃i are symmetric random variables which are non-degenerate, independent of

all other random variables that affect wealth, and have E[ε̃i] = 0.5 Now, we define the

following standard gambles, where each element denotes an outcome and each outcome

of a specific gamble is realized with equal probability.6 Such defined outcomes can be

either deterministic or stochastic themselves.

B1

B2

B3

B4

Bn

≡
≡
≡
=

≡
=

≡

[y]

[y]

[y − k; y + ε̃1]

[A1;B1 + ε̃1]

[y + ε̃1; y + ε̃2]

[A2;B2 + ε̃2]

[An−2;Bn−2 + ε̃int(n
2

)]

A1

A2

A3

A4

An

≡
≡
≡
=

≡
=

≡

[y − k]

[y + ε̃1]

[y; y − k + ε̃1]

[B1;A1 + ε̃1]

[y; y + ε̃1 + ε̃2]

[B2;A2 + ε̃2]

[Bn−2;An−2 + ε̃int(n
2

)].

Intuitively, B1 vs. A1 is equivalent to the question whether more is preferred to less. B2

vs. A2 is the comparison between a certain level of wealth and a risky alternative with

an identical mean. B3 vs. A3 is equivalent to the question whether one prefers to add

an unavoidable random variable to the higher or lower outcome. It is also equivalent to

the question whether one prefers to accept a sure reduction in wealth in the certain or

uncertain state. B4 vs. A4 can be seen as the question whether one prefers to aggregate

or disaggregate two independent random variables.

3These lotteries have also been used in recent experiments to investigate higher-order risk pref-
erences empirically (see Deck and Schlesinger, 2010; Ebert and Wiesen, 2011; or Maier and Rüger,
2010).

4The non-randomness of initial wealth is only used for simplicity.
5Except the assumption of symmetry, all ε̃i are identically defined in Eeckhoudt and Schlesinger

(2006).
6We defined all gambles having a mean of y if k = 0 instead of 0 as in Eeckhoudt and Schlesinger

(2006).



62 CHAPTER 2. HIGHER-ORDER REFERENCE-DEPENDENT PREFERENCES

Following Eeckhoudt and Schlesinger (2006), preferences are then

monotone

risk-averse

prudent

temperate

⇔
⇔
⇔
⇔

B1 % A1

B2 % A2

B3 % A3

B4 % A4

∀y, k
∀y, ε̃1

∀y, ε̃1, k

∀y, ε̃1, ε̃2

(⇔ u′(x) ≥ 0 in EUT models)

(⇔ u′′(x) ≤ 0 in EUT models)

(⇔ u′′′(x) ≥ 0 in EUT models)

(⇔ u′′′′(x) ≤ 0 in EUT models)

or, more generally

risk apportioning of order n ⇔ Bn % An ∀y, ε̃1, . . . , ε̃int(n
2

), k(
⇔ un(x) ≤ (≥) 0 if n

2
∈ (/∈) N in EUT models

)
where un(·) denotes the nth derivative of u(·). Note that all commonly used utility

functions in EUT, like for instance those exhibiting constant relative or absolute risk

aversion, have derivatives that alternate in signs with u′(·) being positive (see Brockett

and Golden, 1987), a property termed mixed risk aversion by Caballé and Pomansky

(1996).

2.2.2 Reference Dependence

Reference-dependent preferences were established in economics via Kahneman and

Tversky’s (1979) prospect theory. It introduced four novel aspects: reference depen-

dence, loss aversion, diminishing sensitivity concerning gains and losses and non-linear

probability weighting. Our main focus is on the first feature. Some results will be com-

pletely independent of whether the second and third features are present while other

results will vary with their existence. The fourth feature of probability weighting will

be absent from the whole analysis. In this respect we follow the models we discuss in

this chapter.

Focusing on reference dependence immediately leads to the question of what the

reference point is. In the traditional literature on prospect theory the reference point is

a real numbered variable that is completely exogenous. It is a simple point which every

potential outcome is compared to, and it is not influenced by the decision-maker in any

way. Often, the status quo was advocated as a candidate for this reference point (e.g.

Kahneman and Tversky, 1979; or Tversky and Kahneman, 1991). However, even this

early literature noted that this might not be the relevant comparison in many important

situations. “For example, an unexpected tax withdrawal from a monthly pay check is

experienced as a loss, not as a reduced gain.” (Kahneman and Tversky, 1979, p286).

Later, considerations that expectations may play a role were explicitly included into
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formal analysis (see Bell, 1985; Loomes and Sugden, 1986; Sugden, 2003; Delquié and

Cillo, 2006; and Kőszegi and Rabin, 2006, 2007, 2009).

In early models of disappointment (see Bell, 1985; and Loomes and Sugden, 1986)

individuals compare potential outcomes to the mean of the choice. Every option that

can be chosen has therefore its specific reference point which is thus endogenous. An

advancement of disappointment models has been proposed by Kőszegi and Rabin (2006,

2007). Here, the reference point is not simply the mean but rather the full distribution

of outcomes resulting from the chosen alternative. We refer to such reference points

as expectational references. This specification is motivated by the observation that

individuals can make multiple comparisons to evaluate an outcome. It also accounts for

the fact that individuals realize uncertainties and incorporate them into their reference

point.

Expectational references have since been applied in order to explain various im-

portant phenomena. For instance, Heidhues and Kőszegi (2008) use them in a model

of price competition to explain sticky prices. Herweg and Mierendorff (forthcoming)

shows that the flat-rate bias when choosing optimal tariffs can be explained when con-

sumers have expectational references. Heidhues and Kőszegi (2010) use expectational

references in order to explain why “sale” prices in addition to regular prices only exist

in certain environments. Herweg, Müller, and Weinschenk (2010) analyze a moral haz-

ard setting with expectational references in order to explain binary payment schemes.

Closely related, Macera (2010) shows in a two-period model that contracts deferring all

present incentives into future payments, like e.g. yearly productivity bonuses combined

with a present fixed wage, are optimal with expectational references. Lange and Ratan

(2010) study bidding behavior of agents with expectational references in different auc-

tion formats and explain why in laboratory experiments but not necessarily in the field

overbidding should be observed.

Empirical work also points toward expectations as the relevant reference point.

Meng (2009) uses expectations as the reference point in order to explain the disposition

effect, i.e. the observation that stock market investors tend to keep their loosing assets

for too long and sell their winning ones too soon, and further finds expectations as

best estimate of investors’ reference point from individual trading data. Card and Dahl

(2011) show that the rate of family violence when the local professional football team

loses depends on the extent to which losing the game was expected. Mas (2006) shows

that the larger the difference is between requested (by the union) and received wages the

more police performance declines. Pope and Schweitzer (2011) show that expectation-

based loss aversion is present among professional golfers suggesting that it is a bias which
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survives experience, competition and large stakes. Post et al. (2008) analyze game show

data and find that behavior of contestants is consistent with reference points shaped

by expectations. Crawford and Meng (2011) (building upon previous work by Camerer

et al., 1997; and Farber, 2005, 2008) propose and estimate a labor supply model of

New York City cabdrivers with reference-dependent preferences where income- as well

as working hour-targets are both determined by rational expectations. Using new data

of New York City cabdrivers and using a natural experiment Doran (2009) finds that a

permanent wage increase causes hours worked to remain constant, a finding consistent

with expectations as the reference point.

Labor supply decisions have also been tested in a laboratory experiment by Abeler

et al. (2011). They manipulate subjects’ rational expectations and find that effort

provision is affected in the way predicted by expectation-based reference-dependent

preferences. Ericson and Fuster (2010) show in an exchange and in a valuation experi-

ment that the reference point is determined by expectations rather than by the status

quo and discuss why some researchers have not found endowment effects in different

settings. Knetsch and Wong (2009) also conduct exchange experiments and suggest

that expectations shape the reference point. A recent experiment by Gill and Prowse

(forthcoming) finds that expectations are the relevant reference point when subjects

compete in a real effort tournament. Finally, Loomes and Sugden (1987), Choi et al.

(2007), or Hack and Lammers (2009) find supportive evidence for expectations as the

reference point in risky choice experiments.

All the above mentioned literature is concerned with first- or second-order effects

of reference-dependent preferences. In this chapter we are rather interested in higher-

order effects. To our knowledge there has been no attempt to consider higher orders

under reference dependence. We follow Kőszegi and Rabin (2007) and define overall

decision utility V (·) as

V (F |G) = M(F ) + U(F |G)

=

∫
m(x)dF (x) +

∫∫
u(x|r)dG(r)dF (x). (2.1)

The outcome x ∈ R and the reference point r ∈ R are independently drawn from the

probability distributions F and G, respectively. Pure consumption utility depending

solely on the outcome x is denoted by m(x) and thus the expected pure consumption

utility is M(F ) =
∫
m(x)dF (x). The function

u(x|r) = u(m(x)−m(r))
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captures sentiments of gains and losses that occur if the outcome x is realized and the

reference point was r. The expected level of gain-loss utility is denoted by U(F |G) =∫∫
u(x|r)dG(r)dF (x). The assumption of independently distributed x and r captures

the notion that the evaluation of all possible wealth outcomes is based on comparing

each of them to all possibilities in the support of the reference lottery. What we refer to

as expectational references (Kőszegi and Rabin, 2006, 2007, 2009) equates the reference

and the outcome distribution and therefore G = F .7

Some of our results in the following section hold independently of the functional

form of gain-loss utility u(·). The remaining results depend on its specific shape. For

the latter cases we will consider u functions that are usually proposed in the literature.

This includes standard (weakly) concave as well as loss-averse S-shaped u functions. S-

shaped u functions are defined as being (weakly) concave in gains and (weakly) convex in

losses (i.e. u′′(τ) ≤ 0 ∀τ > 0 and u′′(τ) ≥ 0 ∀τ < 0). Following Köbberling and Wakker

(2005) we refer to loss aversion as a kink at the reference point (i.e. limτ→0
u′(−|τ |)
u′(|τ |) ≡ λ >

1). Furthermore, when S-shaped utility is assumed we refer to loss-averse u functions

as the standard case where utility is diminishing faster or equally in gains than in losses

(i.e. u′′(τ) ≤ −u′′(−τ) ∀τ > 0). This includes the case where u(·) is piecewise linear with

loss aversion. Often results differ for strict formulations of the functional characteristics

above and the limiting cases. A limiting case of S-shaped u functions without loss

aversion are symmetric S-shaped u functions. A linear u(·) is a limiting case of both

weakly concave and S-shaped functions without loss aversion. Both limiting cases have

in common that they are (two-fold rotational) symmetric around the reference point.

This property is crucial in explaining why their results differ compared to their strict

(and asymmetric) counterparts.8 Note that both strictly concave and loss-averse S-

shaped u functions share the common feature that losses loom larger than corresponding

gains (i.e. u′(τ) < u′(−τ) ∀τ > 0).9 Throughout it is assumed that u(τ) is strictly

7Kőszegi and Rabin (2006, 2007, 2009) further develop an equilibrium concept that restricts which
choices can be rationally expected. We will discuss this at the end of Section 2.3.

8A loss-averse S-shaped u function is the typical assumption in the literature on reference depen-
dence. The reason why we additionally discuss concave as well as (two-fold rotational) symmetric
u functions is the following. In Section 2.5 we consider alternative models, like disappointment or
regret theory, in order to show that the results on expectational references cannot be derived using
such alternative models. These alternative models can also be captured by (2.1) but with a different
specification concerning the reference point. A common assumption in the regret literature is a concave
u function. In their disappointment theories, Loomes and Sugden (1986) assume a u function that is
convex in gains and concave in losses but has the property of being (two-fold rotational) symmetric,
while Bell (1985) assumes a piecewise linear u(·). Since there exists no a priori reason to assume that
a specific functional form is limited to a specific reference scenario we rather consider all possibilities
throughout.

9While evidence for this feature in the literature on reference dependence is vast, for evidence that
regret looms larger than rejoicing, see e.g. Inman, Dyer, and Jia (1997) and Camille et al. (2004).
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increasing, continuous, and sufficiently often differentiable for all τ (∀τ 6= 0 if λ > 1),

and that u(0) = 0.

While we consider various general functional forms of u(·), we again follow Kőszegi

and Rabin (2007) in that we restrict m(·) to be linear (i.e. m′(·) > 0,m′′(·) = 0).10

The reason for this assumption is twofold. First, in models where m(·) is assumed to

be concave instead usually strong restrictions on the functional form of u(·) are needed

to keep the model tractable.11 Since we are interested in the effect of reference de-

pendence on higher-order risk attitudes, we rather consider different functional forms

that directly affect gain-loss utility u(·). Second and more importantly, higher orders

are already well analyzed within classical EUT models. Assuming a concave m func-

tion would simply reintroduce higher-order effects of EUT into the gain-loss function

and would therefore dilute the pure effect of reference dependence on higher-order risk

attitudes.12 Moreover, reference dependence is especially considered as important in

situations where classical consumption utility is almost linear. In order to generate rea-

sonable risk taking behavior, Rabin (2000) shows that consumption utility is compatible

with risk neutrality for amounts as high as a monthly salary.

2.2.3 Higher Orders under Reference Dependence

For notational convenience we will use F |G % F ′|G′ interchangeably to V (F |G) ≥
V (F ′|G′) throughout the chapter. Since we are interested in higher-order risk prefer-

ences under reference dependence, we apply the gamble definitions of Section 2.2.1 to

the outlined model (2.1) in the following way.

Definition 2.1 A reference-dependent individual is said to be risk apportioning of order

n (its opposite, neither nor) if and only if Bn|G � (≺,∼) An|G′, or synonymously if

and only if V (Bn|G) > (<,=) V (An|G′), for all y, k, ε̃i.

Expectational references equate the reference distribution to the distribution of the

chosen alternative, and we can therefore further specify the reference point.

10With the exception of their proposition 9, this assumption is made throughout by Kőszegi and
Rabin (2007) and for some results in Kőszegi and Rabin (2006). Other more applied models in the
literature impose this assumption as well (see e.g. Heidhues and Kőszegi, 2010; Lange and Ratan, 2010;
Meng, 2009; or Gill and Prowse, forthcoming). In the context of regret, Bleichrodt, Cillo, and Diecidue
(2010) show in an experiment that m(·) is not significantly different from linear. In the disappointment
models of Bell (1985) and Loomes and Sugden (1986) m(·) is assumed to be linear as well.

11These models restrict attention to piecewise linear gain-loss utility (see Heidhues and Kőszegi,
2008, 2010; Crawford and Meng, 2011; Meng, 2009; Herweg, Müller, and Weinschenk, 2010; Herweg
and Mierendorff, forthcoming; Lange and Ratan, 2010; Macera, 2010; and some results in Kőszegi and
Rabin, 2006, 2007).

12For instance, Macera (2010) needs to restrict consumption utility to be not too concave such that
the reference-dependent effect still dominates the consumption-utility effect.
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Definition 2.2 If the reference point is determined by expectational references, G = Bn

and G′ = An.

Because we only have to consider pairwise choices in our analysis, it is often use-

ful to transform the comparison of Bn|G vs. An|G′ into a comparison that is easier to

comprehend but is behaviorally equivalent to the original comparison. We will system-

atically use two transformations that simplify comparisons. First, we will transform

every gamble given a specific reference point distribution into an equivalent gamble

with a hypothetical reference point of 0. Second, we will reduce both gambles that are

compared to the components in which these two gambles differ. Both transformations

make it much easier to derive behavioral predictions in cases where our results depend

on the gain-loss utility u, since its functional characteristics are formulated in relation

to the reference point 0. They further ensure that our results are comparable to each

other.

For an illustration consider a situation in which either B2 or A2 has to be chosen.

In this hypothetical situation the assumed reference point distribution is [y+ ε̃′1 + ε̃′2] if

B2 is chosen and the assumed reference point distribution is [y; y+ ε̃′2] if A2 is chosen.13

Under which conditions in the original comparison, which is

B2|[y + ε̃′1 + ε̃′2] � (≺,∼) A2|[y; y + ε̃′2]

⇔ [y]|[y + ε̃′1 + ε̃′2] � (≺,∼) [y + ε̃1]|[y; y + ε̃′2], (2.2)

a certain preference relation holds may be hard to conceive intuitively. However, we

can restate (2.2) by an equivalent comparison in which the reference point of both

alternatives is [0]. This makes an intuitive assessment possible. Using the fact that ε̃i

is symmetric we can say that

M([y]) + U([ε̃′1 + ε̃′2]|[0]) > (<,=) M([y + ε̃1]) + 1
2
U([ε̃1]|[0]) + 1

2
U([ε̃1 + ε̃′2]|[0])(2.3)

13ε̃′i and ε̃i are identically and independently distributed random variables. Note that this is a direct
implication of the assumption that reference and outcome distributions are independent. We denote
all random variables stemming from the reference point with a ′ to clarify the fact that ε̃i + ε̃′i denotes
the convolution of two random variables rather than the sum of outcomes.
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is equivalent to (2.2). Since m(·) is linear, E[ε̃i] = 0, and hence M([y]) = M([y + ε̃1])

and M([ε̃1]) = M([ε̃1 + ε̃2]), (2.3) in turn is equivalent to

M([ε̃′1 + ε̃′2]) + U([ε̃′1 + ε̃′2]|[0]) > (<,=) 1
2
M([ε̃1]) + 1

2
U([ε̃1]|[0])

+ 1
2
M([ε̃1 + ε̃′2]) + 1

2
U([ε̃1 + ε̃′2]|[0]) (2.4)

⇔ [ε̃′1 + ε̃′2]|[0] � (≺,∼) [ε̃1; ε̃1 + ε̃′2]|[0].

Although this comparison is already easier to conceive than the original comparison, we

can further simplify (2.4) by eliminating components that are common in both gambles

and can therefore not contribute to a preference of one gamble over the other, so that

M([ε̃′1 + ε̃′2]) + U([ε̃′1 + ε̃′2]|[0]) > (<,=) M([ε̃1]) + U([ε̃1]|[0])

⇔ [ε̃′1 + ε̃′2]|[0] � (≺,∼) [ε̃1]|[0].

Clearly, the question whether an individual prefers the convolution of ε̃1 and ε̃2 over

ε̃1 given the choice-independent reference point of 0 is more intuitive than the original

comparison in (2.2). For most commonly used functional forms of u(·) an answer could

be derived easier when the problem is stated in such residual gambles, whose preference

relation is nevertheless equivalent to that of the original gambles.

We denote these residual gambles by [Bn|G〈An|G′〉] |[0] and [An|G′〈Bn|G〉] |[0], respec-

tively, and apply them to the comparisons of Bn and An for all n ≥ 2, where M(Bn) =

M(An) and thus only the reference-dependent part differs. Generally, [Bn|G〈An|G′〉] |[0]

contains all components that occur in Bn|G with higher probability than in An|G′.
Similarly, [An|G′〈Bn|G〉] |[0] only contains those components that have a higher prob-

ability in An|G′ than in Bn|G. We derive the densities of the residual gambles by

applying the following procedure. The probability density function of [Bn|G〈An|G′〉] |[0]

is fBA(x) = max {[fB(x)− fA(x)]/f ; 0} where fB(x) is the density of Bn|G, fA(x) is

the density of An|G′, and f =
∫

max{fB(x) − fA(x); 0}dx. Similarly, the density of

[An|G′〈Bn|G〉]|[0] is fAB(x) = max {[fA(x)− fB(x)]/f ; 0}. These transformations ensure

that the probability mass of the residual gambles is one without changing relative densi-

ties. While such definitions may seem notationally cumbersome they precisely indicate

how a residual gamble was derived. A special case arises if both gambles contain the

same components with identical probabilities. The relation in the original comparison

is then equivalent to the comparison of any arbitrary gamble C with itself, formally

C|[0] is compared to C|[0]. Any such situation is then characterized by indifference

without any further assumptions concerning the functional form of u(·).
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2.3 Results

Our first result states that preferences are monotone. Note that the component

of gain-loss utility does not influence this preference in any way, so the result is solely

driven by pure consumption utility. Intuitively, in risk-less decisions, no feelings of gain

or loss can arise when the outcome was expected.

Proposition 2.1 If preferences depend on reference points formed by expectations, in-

dividuals have monotone preferences, that is B1|B1 � A1|A1.

In contrast to Proposition 2.1, our results for all orders higher than one will be driven

solely by the gain-loss utility component of overall decision utility (as formally expressed

in Lemma 2.16 in the appendix). Intuitively, because of the linearity of m(·) the expec-

tational mean of two options is all that matters in terms of pure consumption utility,

and it is easily verified that E[Bn] = E[An] for all n ≥ 2 holds.

Our second result states the sufficient and necessary condition for second-order risk

preferences. It replicates findings of the existing literature.

Proposition 2.2 If preferences depend on reference points formed by expectations, in-

dividuals are risk-averse (risk-seeking, risk-neutral), that is B2|B2 � (≺,∼) A2|A2, if

and only if [0]|[0] � (≺,∼) [ε̃1 + ε̃′1]|[0].

Proposition 2.2 specifies risk aversion in a framework of expectational references. Since

in the comparison of B2|B2 vs. A2|A2 densities of similar elements can be reduced as de-

scribed in the previous section, we can derive the last equivalence. Thus, [B2|B2〈A2|A2〉]|[0]

equals [0]|[0] and [A2|A2〈B2|B2〉|[0] is equal to [ε̃1 + ε̃′1]|[0]. Our result resembles the clas-

sical definition of risk aversion if the choice is transformed such that the hypothetical

reference point is [0]. An individual who dislikes the convolution of any symmetric and

zero-mean ε̃1 is classified as being risk-averse.

As an illustrative example, suppose ε̃1 = [−ε1; ε1] with ε1 > 0. Then, if an indi-

vidual chooses the gamble B2 and this is also her expectation, the choice would result

in the utility of M([y]) + U([0]|[0]) since the deterministic outcome of y is always cor-

rectly anticipated. However, if this individual chooses the gamble A2 and this is also

her expectation, four combinations of outcomes and reference points will be considered.

With probability 1/2 the outcome is y + ε1. But only in half of these cases this out-

come was also anticipated and reduces to 0. In the other half of these cases y − ε1 was

expected instead, which yields the sensation of a gain of 2ε1. Also, with probability

1/2 the outcome is y − ε1. In half of these cases this bad outcome was anticipated and

reduces to 0. In the other half of these cases the good outcome y + ε1 was anticipated,
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yielding the sensation of a loss of 2ε1. Thus, the choice of A2 would deliver a utility

of M([y − ε1; y + ε1]) + U([0; 0;−2ε1; 2ε1]|[0]). Since for a linear m function it follows

that M([y]) = M([y − ε1; y + ε1]), this individual prefers B2 over A2 if and only if

u(0) > 1
2
u(0) + 1

4
u(−2ε1) + 1

4
u(2ε1). This can be further simplified to the condition

u(0) > 1
2
u(−2ε1) + 1

2
u(2ε1). In gamble notation, B2|B2 = [0]|[0] � [0; 0;−2ε1; 2ε1]|[0] =

A2|A2 reduces to [B2|B2〈A2|A2〉]|[0] = [0]|[0] � [2ε̃1]|[0] = [A2|A2〈B2|B2〉]|[0].

It directly follows from Proposition 2.2 that for u functions which are usually pro-

posed in the literature individuals are risk-averse.

Corollary 2.3 If preferences depend on reference points formed by expectations, indi-

viduals with

(i) u′′(·) < (>,=) 0 over the whole range are risk-averse (risk-seeking, risk-neutral);

(ii) loss-averse S-shaped u(·) are risk-averse;

(iii) u(·) being (two-fold rotational) symmetric around the reference point are risk-

neutral.

The next result is concerned with third-order risk preferences.

Proposition 2.4 If preferences depend on reference points formed by expectations, in-

dividuals are never prudent or imprudent, that is B3|B3 ∼ A3|A3. This holds for all

formulations of u(·).

Proposition 2.4 constitutes a crucial result of our analysis. Since B3|B3 always con-

tains the same elements with identical probabilities as A3|A3, both choices are equally

valued regardless of the shape of u(·). Therefore, reference-dependent utility does not

contribute to third-order risk preferences despite its effect on the second order.

For an illustration consider again an example where ε̃1 = [−ε1; ε1]. If the choice of

an individual is B3 and she was expecting this choice, her utility will be determined by

comparing every possible outcome to every possible reference point. Thus, U(B3|B3) =
3
8
u(0) + 1

8
u(−k − ε1) + 1

8
u(−k + ε1) + 1

8
u(k − ε1) + 1

8
u(k + ε1) + 1

16
u(−2ε1) + 1

16
u(2ε1).

However, if the individual chooses A3 and she was expecting this to be her choice,

her utility will be identical to the expression above and hence U(B3|B3) = U(A3|A3).

Since also M(B3) = M(A3) holds, we can conclude that V (B3|B3) = V (A3|A3) for all

functional forms of u(·).
The result of Proposition 2.4 is in stark contrast to the usual properties of models in

EUT. As an example, functional forms exhibiting constant or decreasing absolute risk

aversion imply prudence in EUT. Within EUT only rarely used utility functions, like
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those with quadratic utility, never exhibit prudence or imprudence. In contrast, assum-

ing dependence on expectational references eliminates any third-order risk preference.

Since this holds for arbitrary u functions, Proposition 2.4 has very general implications

that are discussed in Section 2.4. We will show that under reference dependence pre-

cautionary saving is lower and insurance demand higher than in a classical EUT model

of pure consumption utility.

In the next proposition we consider fourth-order risk preferences.

Proposition 2.5 If preferences depend on reference points formed by expectations, in-

dividuals are temperate (intemperate, neither nor), that is B4|B4 � (≺,∼) A4|A4, if

and only if [ε̃1 + ε̃′1; ε̃2 + ε̃′2]|[0] � (≺,∼) [0; ε̃1 + ε̃′1 + ε̃2 + ε̃′2]|[0].

Proposition 2.5 specifies temperance when preferences depend on expectational ref-

erences. It is similar to Proposition 2.2 in that it resembles the general definition

of temperance in case the choice is transformed such that the reference point is [0].

Since densities of identical elements in B4|B4 and A4|A4 can be reduced in com-

parison, [B4|B4〈A4|A4〉]|[0] equals [ε̃1 + ε̃′1; ε̃2 + ε̃′2]|[0] and [A4|A4〈B4|B4〉]|[0] is equal to

[0; ε̃1 + ε̃′1 + ε̃2 + ε̃′2]|[0].

Unlike in Propositions 2.2 and 2.4, fourth-order risk preferences differ for various

shapes of u(·) that have been proposed in the literature.

Corollary 2.6 If preferences depend on reference points formed by expectations, indi-

viduals with

(i) u′′′′(·) < (>,=) 0 over the whole range are temperate (intemperate, neither nor);

(ii) loss-averse S-shaped u(·) are intemperate;

(iii) u(·) being (two-fold rotational) symmetric around the reference point are neither

temperate nor intemperate.

As case (ii) of Corollary 2.6 is the standard assumption in the literature on reference de-

pendence, we find a clear difference in the predictions of standard EUT with commonly

used utility functions and loss-averse models concerning temperance. The implication

of Proposition 2.5, that typical loss-averse u functions always induce intemperance, is

in line with Kőszegi and Rabin (2007, p1060) who show that in their model with a

piecewise linear loss-averse u function and a linear m function “[. . . ] behavior also

approaches risk neutrality with even moderate amounts of background risk.”14

14Kőszegi and Rabin (2007, p1052) “[. . . ] identify common ways in which the decision maker
becomes less risk-averse if she had been expecting, or is now facing, more risk.” This is in line with our
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To receive some intuition for case (ii) of Corollary 2.6 consider the example where

ε̃1 = [−ε1; ε1], ε̃2 = [−ε2; ε2] and ε1 = ε2. Then, if the choice is B4 and this was also

expected, the individual will experience with probability 1/4 a gain of 2ε1 and with

probability 1/4 a loss of the same size. With probability 1/2 she will experience neither

a gain nor a loss. If the individual chooses A4 instead and also expected this choice,

she will face a gain of 2ε1 with probability 1/8 and a gain of 4ε1 with probability 1/32.

However, with probability 1/8 she will also face a loss of 2ε1 and with probability 1/32

a loss of 4ε1. With probability 11/16 she will experience neither a gain nor a loss. Note

that choosing B4 results in feelings of loss with a higher probability than choosing A4.

At a first glance, A4 may still seem less attractive because the maximal potential loss

is higher. However, because of the weakly decreasing sensitivity in losses, a loss of 4ε1

can have at most twice the effect as a loss of 2ε1. Hence, the danger of a larger loss

with A4 is always overcompensated by the smaller probability of experiencing a loss.

Propositions 2.4 and 2.5 are special cases of the following theorem that identifies

risk preferences of arbitrary order n when reference points are formed by expectations.

Theorem 2.7 If preferences depend on reference points formed by expectations, indi-

viduals are,

(i) for even orders (n
2
∈ N) and n ≥ 4, risk apportioning of order n (its opposite,

neither nor), that is Bn|Bn � (≺,∼) An|An, if and only if

[Bn|Bn〈An|An〉]|[0] =
[
An−2|An−2〈Bn−2|Bn−2〉;Bn−2|Bn−2〈An−2|An−2〉+ ε̃(n

2
) + ε̃′(n

2
)

]
|[0]

� (≺,∼)[
Bn−2|Bn−2〈An−2|An−2〉;An−2|An−2〈Bn−2|Bn−2〉+ ε̃(n

2
) + ε̃′(n

2
)

]
|[0] = [An|An〈Bn|Bn〉]|[0];

(ii) for odd orders (n
2
/∈ N) and n ≥ 3, never risk apportioning of order n or its

opposite, that is Bn|Bn ∼ An|An. This holds for all formulations of u(·).

In order to get an intuition for the general structure of the results of Propositions 2.1

to 2.5 and Theorem 2.7, consider first the case where n = 1. If a certain outcome is

expected, it will not generate any feelings of gains or losses. Hence, any first-order effect

is solely driven by the difference in pure consumption utility. However, for n ≥ 2 the

expected value of the pure consumption utility of Bn and An is identical because of the

results not only for surprise situations (comparing their proposition 1 with our Table 2.3 in Section
2.5.3), but also for expectational references. More specifically, in their proof of proposition 5 (p1068)
they show that, for some lotteries G and F , U(F |F ) ≤ U(G + F |G + F ) − U(G|G) holds. Rewriting
this inequality as U(F |F ) + U(G|G) ≤ U(G+ F |G+ F ) offers the direct interpretation that a person
satisfying this inequality would rather aggregate than disaggregate the two lotteries. This is exactly the
interpretation of intemperance. Moreover, by applying F = y+ ε̃1, G = y+ ε̃2, and u(0) = 0 it can be
shown that this inequality corresponds to (weakly) choosing [A4|A4〈B4|B4〉]|[0] over [B4|B4〈A4|A4〉]|[0].
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linearity of m(·). Therefore, for n ≥ 2 only the gain-loss component of utility determines

the assessment of the two gambles. With n = 2 (see Proposition 2.2), expecting a risk

does not eliminate the risk in outcomes. This is because both random variables are

realized independently. Thus, it is possible that a high expectation coincides with a

low outcome (generating a sensation of loss) or that a low expectation is exceeded by

a high outcome (generating a sensation of gain). In contrast to the second order, for

n = 3 the question is not whether to take or avoid a risk but rather whether to add

an unavoidable risk in a high- or low-wealth state. Since the decision is anticipated,

location is irrelevant for feelings of gains and losses. Therefore, individuals do not

care where to add the risk. Unlike the third order, with n = 4 the question is not

whether to add risk either to a high or to a low state, but rather whether to add it

to a certain or uncertain state. Generally, aggregating or disaggregating risk(s) affects

gain-loss utility and this is captured by even-order risk preferences. By contrast, odd-

order risk preferences of orders higher than one can always be thought of as a decision

on the location of risk(s). With expectational references the choice of location becomes

irrelevant.

More formally, for even orders −Bn � (≺,∼) − An if and only if Bn � (≺,∼) An

since all ε̃i are symmetric and there is no reduction of k. Thus, an individual prefers

Bn|Bn over An|An if and only if she is risk apportioning of order n. For odd orders

ε̃i are still symmetric, but there is now always a reduction of k which reverses into an

additional k when Bn and An become negative. Thus, we get that −Bn � (≺,∼) −An
if and only if Bn ≺ (�,∼) An. Because the two effects with expectational references

are of equal magnitude and opposing direction they cancel out and an individual is

therefore always indifferent between Bn|Bn and An|An for odd orders.

While risk preferences of even orders with expectational references resemble those

without reference dependence for a given functional form of u(·), they substantially

differ for odd orders. In fact, risk preferences of odd orders are completely absent with

expectational references. In EUT risk preferences of any order n depend on those of

order n−1 and are therefore strongly related. If the (n−1)th derivative of u(·) is known,

the nth derivative can be directly computed. In contrast, Theorem 2.7 shows that with

reference dependence this is no longer the case. Especially when the evaluation of an

odd order delivered indifference, one cannot conclude that the next-higher order delivers

indifference as well. This is of general importance for the empirical derivation of higher-

order risk preferences via measures of risk aversion. We discuss such implications of

Theorem 2.7 for the relationship between risk aversion and precautionary saving in

Section 2.4.
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Kőszegi and Rabin (2007) describe in which circumstances reference points that

are formed by expectations seem appropriate. These can be separated into two broad

categories. First, some decisions are anticipated well before they have to be made.

Then, the individual also anticipates how she will decide. Therefore, at the time the

decision is made the individual has already expected her actual choice. Consistent

choices in these situations are preferred personal equilibria (PPE) as defined by the

authors. An example for an economically interesting scenario would be the decision

over savings. The individual may think about saving well before doing so and then

has already incorporated this behavior into her reference point when conducting the

transaction. Second, some decisions are real choices that cannot be reversed but whose

actual outcome is realized much later. Here, individuals’ references have time to adjust

to the choice already made. Decision-makers anticipate the adjustment before deciding.

According to Kőszegi and Rabin (2007) all choices are then choice-acclimating personal

equilibria (CPE). This seems relevant in situations where one can commit to choices

well in advance of events. Interesting examples include many insurance and pension

decisions. Here, contracts are often binding and are agreed upon years before the risks

are realized.

Both scenarios are analytically identical since the reference distribution is the same

as the chosen outcome distribution. Thus, our results are applicable to both equlib-

rium concepts. However, the two concepts differ with respect to the existence of such

personal equilibria. All choices are equilibria if commitment is possible and CPE is the

relevant concept.15 By contrast, if commitment is not possible but decisions have been

anticipated not all decisions can rationally be expected and constitute a PPE. In these

cases equilibria existence is an important issue because rational agents cannot trick

themselves to expect a later choice they have no incentive to follow. In other words,

if the agent wanted to deviate from her expectation once she makes the decision, this

expectation could not sustain in the first place. All choices that can be rationally ex-

pected are defined as unacclimated personal equilibria (UPE) as introduced by Kőszegi

and Rabin (2006, 2007). The UPE that maximize ex-ante decision utility V (·) are

PPE and are therefore the chosen alternatives. In our context this translates into the

following existence condition

Bn|Bn is an UPE ⇔ Bn|Bn % An|Bn and

An|An is an UPE ⇔ An|An % Bn|An.

15Recent experiments by Abeler et al. (2011) and Gill and Prowse (forthcoming) support CPE as
the relevant concept. The latter even find that reference points adjust essentially instantaneously to
choices made.
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2.4 Implications

Results of the previous section may have strong implications in situations where

decisions under uncertainty cannot solely be explained via risk aversion. Then, higher-

order risk preferences are needed to explain phenomena like precautionary saving, pre-

cautionary labor, or the influence of background risk. Until now, in attempts to explain

these phenomena only the effect of pure consumption utility in EUT models has been

considered. Applying the preceding analysis allows us to investigate the influence of

reference dependence in such settings. In the following, we will discuss two implica-

tions in more detail, the optimal amount of precautionary saving and the interaction

of precautionary saving and insurance demand.

Often quantitative measures of one order were used to predict behavior concerning a

higher order. For example, measures of risk aversion were thought to determine exactly

the optimal amount of precautionary saving because both were solely derived from the

functional form of consumption utility. As reported by Browning and Lusardi (1996)

or Carroll and Kimball (2008) for instance, precautionary saving is often empirically

observed but to a lesser extent than thought to be optimal. “Structural models that

match broad features of consumption and saving behavior tend to produce estimates

of the degree of prudence that are less than those obtained from theoretical models in

combination with risk aversion estimates from survey evidence.” (Carroll and Kimball,

2008, p584). Also, Ballinger, Palumbo, and Wilcox (2003) found in a laboratory ex-

periment simulating life-cycle decisions that precautionary saving falls short of optimal

theoretical predictions. When utility is partly dependent on expectational references,

the reference-dependent component contributes positively to risk aversion but leaves

prudence unaffected. Therefore, such a reference-dependent model would predict less

precautionary saving than the standard model. This is consistent with the empirical

and experimental literature.

Closely related and building on the well-known finding that saving and insurance

are substitutes16 is what Gollier (2003) called the ‘insurance puzzle’. When financial

markets are complete, individuals should prefer to cope with risk via buffer-stock saving

rather than by purchasing costly insurance. In other words, allowing for precautionary

saving leads theoretically to a crowding out of insurance demand in dynamic life-cycle

models. “The bottom line is similar to the one underlying the literature on the equity

premium puzzle: the theory cannot easily explain why people are so reluctant to ac-

16To our knowledge, the first formal analysis showing that these two are substitutes was by Moffet
(1975) within a simple two-period model. For a more general treatment without additive separable
utility, refer to Dionne and Eeckhoudt (1984).
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cept risk.” (Gollier, 2003, p21). Again, assuming preferences that depend partly on

expectational references can serve as an alternative explanation to market imperfection.

Intuitively, since insurance demand is driven by second-order effects but precautionary

saving by third-order effects, the reference-dependent component generates additional

insurance demand but does not affect precautionary saving decisions.

To illustrate these implications of our results we analyze a simple two-period setting

(T = 2) without discounting and interest on savings. As benchmark model we consider

a standard EUT model, where individuals maximize expected life-time utility V b =∑T
t=1 V

b
t with V b

t =
∫
c(xt)dF (xt). xt is consumption in period t and c(·) denotes pure

consumption utility that is assumed to be strictly increasing and strictly concave.

To facilitate comparisons between implications of such a benchmark model and

a reference-dependent model we specify the latter as a hybrid model. This hybrid

model slightly deviates from the reference-dependent model before in that the pure

consumption utility part has now the same properties as our standard EUT benchmark

model while the gain-loss part stays unchanged and still has the properties of the

previous analysis. More formally, individuals maximize V h =
∑T

t=1 V
h
t with V h

t =∫
c(xt)dF (xt)+

∫∫
u(xt−rt)dG(rt)dF (xt), where rt denotes the reference point in t. The

reason why we allow the pure consumption utility part to be concave in wealth in the

hybrid model is that this leads to an equivalence of both models in risk-less situations.

Within both models we will compare behavior in risky and risk-less situations. As we

are interested in the implications of reference dependence for risk preferences we would

like to keep behavior in risk-less situations constant between the two models. In order

to isolate the pure effects of reference dependence and to avoid reintroducing classical

EUT effects into gain-loss utility we still assume that the gain-loss part depends on

absolute differences of outcomes and reference points.

Consumption in period 1 is income y which is potentially reduced by saving ks

and an insurance premium. The insurance premium consists of the premium of an

actuarially fair insurance ki plus proportional loading λ. Thus, the final consumption

in period 1 is x1 = y − ks − (1 + λ)ki and the distribution representing the beliefs over

x1 is simply F (x1) = [y− ks− (1 + λ)ki]. Consumption in period 2 is the same income

y plus a random component ε̃1 whose two realizations occur with equal probability,

ε̃1 = [−ε1; ε1]. Savings ks increase outcomes in both states but insurance only in the

bad state. Since the premium of an actuarially fair insurance was defined as ki, the

amount of indemnity is 2ki when the probability of the bad state is 1/2. Therefore, x2

can take on two different values, x2 = y−ε1 +ks+2ki and x2 = y+ε1 +ks. The beliefs

over x2 are then the distribution F (x2) = [x2;x2]. In the following, we will restrict
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insurance to have either partial or full indemnity but rule out over-insurance, hence

ki ≤ ε1, which also implies x2 ≤ x2.

To highlight the implications for the optimal amount of precautionary saving, con-

sider first the case where no insurance is available, thus ki = 0. In the benchmark

case

V b = c(y − ks) + 1
2
c(y − ε1 + ks) + 1

2
c(y + ε1 + ks), (2.5)

where the first term in (2.5) denotes consumption utility in period 1 and the last two

terms are expected consumption utility in period 2. In the hybrid model

V h = c(y − ks) + 1
2
c(y − ε1 + ks) + 1

2
c(y + ε1 + ks) + 1

4
u(−2ε1) + 1

4
u(2ε1). (2.6)

Again, the first three terms in (2.6) denote pure consumption utility in periods 1 and 2.

There is no gain-loss utility in period 1 since there is no uncertainty resolved. Gain-loss

utility in period 2 is captured by the last two terms. Since choosing the optimal ks in

(2.5) and (2.6) means solving identical first-order conditions we obtain the result that

the decision for precautionary saving is not affected by the reference-dependent part of

utility V h(·). If preferences are reference dependent instead of reference independent,

the extent of risk aversion will be higher17 as long as the slope of u(·) is steeper in losses

than in corresponding gains (u′(−τ) > u′(τ) ∀τ > 0) which is met for strictly concave

as well as loss-averse S-shaped u functions. But at the same time an identical amount of

precautionary saving would be optimal. This shows that seemingly sub-optimal levels

of precautionary saving may well be optimal if preferences are reference dependent. In

contrast to classical models of EUT, this result shows that predicted behavior under

reference dependence is in line with the empirical findings.

Only at first glance this results seems to be in contrast to a result of Kőszegi and

Rabin (2009). In their proposition 8 they show that a piecewise linear gain-loss utility

contributes to precautionary saving. However, their result rests on the assumption of

concave consumption utility entering gain-loss utility and thereby reintroducing classical

EUT effects into the gain-loss part. Indeed, with such a specification it can be shown

that optimal precautionary saving is higher under reference dependence compared to

the benchmark case as long as the slope of u(·) is steeper in losses than in corresponding

gains (u′(−τ) > u′(τ) ∀τ > 0).18 However, since reference dependence increases risk

17For example, it can be easily verified that the risk premium of an individual with V h(·) is higher
than with V b(·).

18At the optimal level of precautionary saving in the benchmark case ∂V h/∂ks > 0 since the
additional terms in the first-order condition of the hybrid model compared to the benchmark case are
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aversion with this specification as well, this does neither contradict our result nor the

empirical pattern observed.19

We next analyze precautionary saving and insurance jointly. Our analysis encom-

passes the case where insurance is costly. That is, it may have a positive loading factor

λ. However, in the following we restrict λ to the more realistic cases where it is below

1, hence 0 ≤ λ < 1. Then, in the benchmark model

V b = c(y − ks − (1 + λ)ki) + 1
2
c(y − ε1 + ks + 2ki) + 1

2
c(y + ε1 + ks),

∂V b/∂ks = −c′(y − ks − (1 + λ)ki) + 1
2
c′(y − ε1 + ks + 2ki)

+1
2
c′(y + ε1 + ks) = 0, (2.7)

∂V b/∂ki = −(1 + λ)c′(y − ks − (1 + λ)ki) + c′(y − ε1 + ks + 2ki) = 0. (2.8)

As shown in the appendix all second partial derivatives are strictly negative and the

Hessian is negative definite. We denote the solution of (2.7) and (2.8) by (k̂s, k̂i).

By combining (2.7) and (2.8) we get the following condition:

(1− λ)c′(y − ε1 + k̂s + 2k̂i) = (1 + λ)c′(y + ε1 + k̂s). (2.9)

Although (2.9) cannot be solved explicitly, due to the strict concavity of c(·) we receive

that k̂i < ε1 for λ > 0 and k̂i = ε1 for λ = 0.

Gollier (2003) simulated a life-cycle model for an infinite time horizon and found

that demand for costly insurance completely vanishes with the opportunity of precau-

tionary savings. He termed this result the ‘insurance puzzle’ because it is clearly at odds

with empirical observations. His explanation for this puzzle rests on market imperfec-

tions. In the following, we show that it can also be explained by reference-dependent

preferences, even if markets are complete. This is because saving and insurance are

1
4u
′[c(y + ε1 + ks)− c(y − ε1 + ks)][c′(y + ε1 + ks)− c′(y − ε1 + ks)] + 1

4u
′[c(y − ε1 + ks)− c(y + ε1 +

ks)][c′(y − ε1 + ks)− c′(y + ε1 + ks)].
19Among the studies reviewed by Browning and Lusardi (1996) there are even numerous articles

where no precautionary saving was measured at all. Another recent example is Jappelli, Padula, and
Pistaferri (2008). Lee and Sawada (2007, p196) stress that “while a growing number of theoretical
studies point out the importance of precautionary saving, the existing evidence suggests that precau-
tionary saving motives may not be empirically important.” Such empirical findings even point toward
a reference-dependent model with linear consumption utility in both the reference-dependent and the
reference-independent part. This is the model we analyzed in the previous section.
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weaker substitutes under reference dependence than in the benchmark model. Con-

sider our hybrid model where

V h = c(y − ks − (1 + λ)ki) + 1
2
c(y − ε1 + ks + 2ki) + 1

2
c(y + ε1 + ks)

+1
4
u(−2ε1 + 2ki) + 1

4
u(2ε1 − 2ki),

∂V h/∂ks = −c′(y − ks − (1 + λ)ki) + 1
2
c′(y − ε1 + ks + 2ki)

+1
2
c′(y + ε1 + ks) = 0, (2.10)

∂V h/∂ki = −(1 + λ)c′(y − ks − (1 + λ)ki) + c′(y − ε1 + ks + 2ki)

−1
2
u′(2ε1 − 2ki) + 1

2
u′(−2ε1 + 2ki) = 0. (2.11)

Again, in the appendix it is shown that all elements of the Hessian are strictly negative

and that the Hessian is negative definite. This holds for u(·) being (weakly) concave,

(piecewise) linear, or (loss-averse) S-shaped. Combining (2.10) and (2.11) yields

(1− λ)c′(y − ε1 + ks + 2ki)

= (1 + λ)c′(y + ε1 + ks)− u′(2ε1 − 2ki) + u′(−2ε1 + 2ki). (2.12)

Using the assumptions that the slope of u(·) is steeper in losses than in corresponding

gains, ki ≤ ε1, and the strict concavity of c(·), we receive from (2.12) that in the

optimum ki < ε1 for λ > 0 and ki = ε1 for λ = 0. In the following, we first analyze the

case of positive loading (λ > 0) and then discuss actuarially fair insurance (λ = 0).

For a comparison of the solutions of both models consider the optimality conditions

(2.10) and (2.11) at (k̂s, k̂i) which would be the solution if preferences were not reference

dependent. Indeed, (k̂s, k̂i) is one possible solution of (2.10) because condition (2.10)

equals condition (2.7). Using u′(−τ) > u′(τ)∀τ > 0 and k̂i < ε1 we find that (k̂s, k̂i)

cannot be a solution of (2.11) since ∂V h(k̂s, k̂i)/∂ki > 0. Our goal is to show that

the optimal demand for insurance is higher and optimal saving is lower with reference-

dependent preferences than without.20 We denote by (dks, dki) the amounts that the

optimal solution of (2.10) and (2.11) deviates from (k̂s, k̂i).

As mentioned above, condition (2.10) is met at (k̂s, k̂i). This implies that any

change in ks or ki has to be compensated by a change of the other variable. By totally

differentiating (2.10) we establish the explicit relationship between these changes as

dks = −
(

∂2V h

∂ks∂ki

/
∂2V h

(∂ks)2

)
dki. (2.13)

20There is no reason for a change in saving other than for precautionary motives since gain-loss
utility vanishes without uncertainty. All changes in saving are therefore changes in precautionary
saving.
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We show in the appendix that the term in brackets is positive. Therefore, in order to

fulfill condition (2.10) dks and dki need to have opposite signs as long as they are not

both zero.

Our analysis of (2.11) showed that ∂V h(k̂s, k̂i)/∂ki > 0. Hence, in the hybrid model

∂V h/∂ki has to be lower in the optimum than at (k̂s, k̂i). Both an increase in ks or

ki would decrease ∂V h/∂ki, but (2.13) showed that their changes must have opposing

signs. The overall effect of an increase in one variable and a decrease in the other has

to be negative,

d
(
∂V h

∂ki

)
= ∂2V h

∂ks∂ki
dks + ∂2V h

(∂ki)2dk
i < 0. (2.14)

In order to show that only an increase in ki and a decrease in ks can accomplish this

we insert (2.13) in (2.14) and receive

dki

∂2V h

(∂ks)2

(
∂2V h

(∂ki)2
∂2V h

(∂ks)2 −
[
∂2V h

∂ks∂ki

]2
)
< 0. (2.15)

In the proof of Proposition 2.8 we show that the term in brackets in (2.15), which

is the determinant of the Hessian matrix, is positive and that ∂2V h/(∂ks)2 < 0. Hence,

it follows that dki > 0 and in combination with (2.13) that dks < 0 in the optimum.

Proposition 2.8 Individuals with preferences depending on reference points formed by

expectations have a higher demand for insurance and save less than individuals without

reference-dependent preferences.

Proposition 2.8 holds for all u functions with a slope that is steeper in losses than

in corresponding gains (u′(−τ) > u′(τ) ∀τ > 0) and with sensitivity that is diminishing

faster or equally in gains than in losses (u′′(τ) ≥ −u′′(−τ) ∀τ > 0). As mentioned

before, these conditions are met for u functions that are strictly concave or loss-averse

S-shaped, including the limiting case of u(·) being piecewise linear with loss aversion.

Proposition 2.8 further shows that reference dependence can be an alternative explana-

tion for the insurance puzzle that does not rest on market imperfections. We derived

this result for costly insurance, i.e. 0 < λ < 1. For actuarially fair insurance (λ = 0)

it can be easily shown that both models yield the identical result of full insurance and

the absence of a precautionary motive for saving.21

Although this section focused on implications concerning the third and second or-

der, our results may have implications concerning higher orders as well. As an example,

many financial decisions, such as demand for insurance or risky assets, are taken in the

21From λ = 0 it follows that k̂i = ε1 and k̂s = −ε1. Hence, V b = V h in the optimum.
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face of exogenous background risk. It is known that the fourth-order concept of tem-

perance is necessary for risk aversion to increase with increasing background risk and

all commonly used utility functions in EUT models exhibit this feature. If, by contrast,

preferences are reference dependent, our analysis of the previous section showed that

despite higher risk aversion, its sensitivity to background risk would be reduced under

standard assumptions on gain-loss utility. A formalization of these ideas will be the

subject of future work.

2.5 Alternative Models

It is important to analyze whether our results for Kőszegi and Rabin’s (2007) model

of expectational references can in fact not also be derived by using alternative reference

points. Only then, we may be able to conclude that it is their concept of expectational

references which is not only capable of resolving empirical puzzles concerning first and

second orders, but also concerning higher-order risk preferences. As alternative models

we consider disappointment models, models of regret, and reference-dependent models

with exogenous reference points like the status quo. All these alternative models can

be captured by (2.1) as well but are characterized by a different assumption concerning

the reference point G.

Rather than using the full outcome distribution representing expectations as the

reference point, individuals may also assess choices relative to the mean of these ex-

pectations. This is the assumption of disappointment models (Bell, 1985; Loomes and

Sugden, 1986), where outcomes above the mean are perceived as elation and outcomes

below as disappointment. So, in models of disappointment it is assumed that the

reference point is the mean of the chosen alternative’s distribution, thus G = E[F ].

Assuming such a reference point may seem appropriate in situations where information

or framing focuses on the mean outcome. For instance, buyers of bonds may have clear

expectations on their mean performance leading to the mean as a natural source of

reference for the evaluation of their actual performance.

With disappointment as well as with expectational references, the alternatives not

chosen do not have any impact on the final evaluation of a chosen option and thus

every alternative’s appeal can be described entirely by its own attributes. By contrast,

in models of regret sentiments (see Bell, 1982, 1983; and Loomes and Sugden, 1982)

possible outcomes of the chosen gamble are compared to possible outcomes of the gam-

bles not chosen. This kind of behavior is motivated in the literature by an ex-ante

anticipation of ex-post utility that is driven by regret (and rejoice) feelings. With the
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notion of regret employed in the following analysis all combinations of outcomes are

evaluated by a regret function and weighted by their joint probabilities. This coincides

with the initial models of Bell (1982, 1983) and Loomes and Sugden (1982) in case the

individual anticipates prior to her decision that she will finally learn the true outcome

that would have resulted had she decided differently than she has. This qualification is

a direct consequence of the emphasis these models put on the resolution of foregone al-

ternatives for the presence of regret feelings. In order for our representation (2.1) to be

in line with these regret models an assumption needed is that stochastic components of

alternatives are realized independently.22 Since in models of regret the alternative not

chosen is the relevant reference distribution and since in the definitions of higher orders

only pairwise choices were applied, the relevant reference distribution under regret is

unambiguous in our context. If we denote the distribution of the alternative not chosen

by F ′, models of regret assume G = F ′.

Although the theoretical literature has advanced toward endogenous reference points

like regret, disappointment, and most recently, expectational references, first models of

reference-dependent preferences (see Kahneman and Tversky, 1979) started with exoge-

nous reference points and they still seem to be relevant for specific decision scenarios.

For instance, in surprise situations, where it was not anticipated that a decision has

to be made, the status quo may seem to be a relevant state of comparison. Also, in

experiments subjects may not anticipate what will happen in the experiment and are

unlikely to endogenize the rules of the game in the short time until they have to make

their decisions. This is, however, not a necessary experimental feature. If the reference

point is meant to be endogenous, this could be achieved by careful experimental design

and a longer time horizon. With exogenous reference points, G can be chosen arbitrarily

but we will focus on the most relevant ones in our analysis.

The following definition specifies how the reference point is formed in these alter-

native models and therefore complements (2.1) and Definition 2.1 for the analysis of

this section.

Definition 2.3 If the reference point is determined (i) by disappointment, G = E[Bn]

and G′ = E[An]; (ii) by regret, G = An and G′ = Bn; and if the reference point is given

(iii) exogenously, then G = G′.

22For this reason our results do not carry over to cases where the outcome of the chosen alternative
determines the counterfactual outcome (e.g. the toss of a coin). Nevertheless, despite our qualifications
of stochastic independence and full resolution of information we perceive the remaining field of appli-
cability as substantial. In particular, decisions made in a market environment are often characterized
by independence and full information disclosure (e.g. the decision to buy a particular financial asset
or a treasury bond).
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If the reference point is given exogenously (case (iii) in Definition 2.3) and is stochastic

rather than deterministic, our analysis is formally very similar to classical models of

background risk (Ross, 1981; Kihlstrom, Romer, and Williams, 1981). In these models,

preferences toward risk are analyzed in the presence of a given independent background

risk. A stochastic, exogenous reference point is analytically equivalent to a background

risk since it enters additively into the u function. This analogy does not carry over

to endogenous reference points (Definition 2.2 and cases (i) and (ii) in Definition 2.3).

Here, the actual choice influences the reference point. Thus, the reference point entering

u(·) is in these cases not independent of the choice taken. Despite the fact that once

the reference point is determined it is as if realized independently of the outcome of the

choice, the ex-ante distribution of the reference point depends on the actual choice.

2.5.1 Disappointment

Just as in the case of expectational references, disappointment references are in

principle endogenous since they depend on the chosen alternative. However, in our

analysis for n ≥ 2 the expectational mean of Bn is always identical to the expectational

mean of An and it can therefore also be considered as exogenous. For the same reason,

the results of this section also apply to models of regret in which the reference point

is the expectational mean of the foregone alternative. This is the usual assumption in

regret models where the foregone alternative is not realized or the individual does not

receive feedback on its outcomes (see Bell, 1983; or Krähmer and Stone, 2008).23 In

the following, we report results for risk preferences when reference points are formed

by the expectational mean. For the gambles used in our analysis the mean is y for

even orders and y − k
2

for odd orders, except order one. For the first order the mean is

identical to the full distribution since everything is certain and there is no risk, hence

B1 = E[B1] = y and A1 = E[A1] = y − k. We therefore receive for the first order

the exact same result as with expectational references, namely that individuals with

disappointment references have monotone preferences. Proposition 2.9 summarizes our

results with disappointment references for all orders.

Proposition 2.9 If preferences depend on reference points formed by the expectational

mean, individuals

(i) have monotone preferences, that is B1|E[B1] � A1|E[A1];

23Note that in these models it is assumed that U(F |G) =
∫
u(m(x) −

∫
m(r)dG(r))dF (x). This

is also the assumption of the disappointment model of Loomes and Sugden (1986). However, with
m(·) being linear, which is assumed by Loomes and Sugden (1986) as well, this is equivalent to our
formulation and that of Bell (1985) where U(F |G) =

∫
u(m(x)−m(

∫
r dG(r)))dF (x).
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(ii) are risk-averse (risk-seeking, risk-neutral), that is B2|E[B2] � (≺,∼) A2|E[A2], if

and only if [0]|[0] � (≺,∼) [ε̃1]|[0];

(iii) are prudent (imprudent, neither nor), that is B3|E[B3] � (≺,∼) A3|E[A3], if and

only if [−k
2
; k

2
+ ε̃1]|[0] � (≺,∼) [−k

2
+ ε̃1; k

2
]|[0];

(iv) are (for n ≥ 4) risk apportioning of order n (its opposite, neither nor), that is

Bn|E[Bn] � (≺,∼) An|E[An], if and only if[
An−2|E[An−2];Bn−2|E[Bn−2] + ε̃int(n

2
)

]
| [0]

� (≺,∼)
[
Bn−2|E[Bn−2];An−2|E[An−2] + ε̃int(n

2
)

]
| [0] .

Concerning orders higher than one, the mean is not equal to the full distribution

and therefore results generally differ between expectational and disappointment refer-

ences (cases (ii) – (iv) in Proposition 2.9). However, for the second order (case (ii)

in Proposition 2.9) we find that if an individual is classified as being risk-averse (risk-

seeking, risk-neutral) with disappointment references and a given u function, she will

also be risk-averse (risk-seeking, risk-neutral) with the same u function and expecta-

tional references. As with expectational references an individual with disappointment

references is therefore risk-averse if u(·) is strictly concave or loss-averse S-shaped and

risk-neutral if u(·) is (two-fold rotational) symmetric. Corollary 2.3 also applies to

disappointment references.

So, concerning the first two orders expectational and disappointment references

yield the same behavior. This is one reason why it has been difficult to discriminate

between these two forms of expectations as the relevant reference point in the empirical

literature. Neither of the empirical studies reviewed in Section 2.2.2 has been able

to distinguish them. Even recent controlled laboratory experiments that directly test

expectations as the reference point, like for instance Abeler et al. (2011), Gill and Prowse

(forthcoming), or Ericson and Fuster (2010), cannot differentiate between expectational

and disappointment references.

However, with respect to the third order disappointment yields a different prediction

than expectational references (case (iii) in Proposition 2.9).24

Corollary 2.10 If preferences depend on reference points formed by the expectational

mean, individuals with

24Note that case (ii) in Corollary 2.10 can be further specified: Individuals are imprudent if u(·) is
loss-averse S-shaped without the limiting case of piecewise linear, since then individuals like gambles
in losses and dislike gambles in gains. If u(·) is piecewise linear with loss aversion, individuals are
neither prudent nor imprudent.
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(i) u′′′(·) > (<,=) 0 over the whole range are prudent (imprudent, neither nor);

(ii) loss-averse S-shaped u(·) are never prudent.

This result shows that by using the third order it may well be possible to discriminate

between expectational and disappointment references. One advantage of the gamble

definitions used to define higher-order risk preferences is that they are easily imple-

mented into choice situations in experiments. Future experiments on expectations as

the relevant reference point could therefore use this result in order to be able to dis-

tinguish between expectational and disappointment references. Moreover, this result

further shows that the implications we derived for expectational references, i.e. the

effects on precautionary saving and insurance demand, cannot be derived with disap-

pointment references for all functional forms of u(·), since they heavily relied on the

general absence of third-order risk preferences.

There is again no difference in predicted behavior between these two reference

points for fourth-order risk preferences. More specifically, if an individual is temperate

(intemperate, neither nor) with disappointment references for a given u function, she

will also be temperate (intemperate, neither nor) with expectational references under

this u function. In fact, individuals with disappointment references are temperate, that

is B4|E[B4] is preferred to A4|E[A4] if and only if [ε̃1; ε̃2]|[0] is preferred to [0; ε̃1 + ε̃2]|[0].

This preference holds if u(·) globally satisfies u′′′′(·) < 0. But individuals are intem-

perate if u(·) is loss-averse S-shaped. Moreover, individuals are neither temperate nor

intemperate for u(·) being (two-fold rotational) symmetric around the reference point.

Again, Corollary 2.6 not only holds with expectational but also with disappointment

references. So, as in the case of second-order risk preferences, the same behavior is

predicted for both reference points using common assumptions on u(·).
Our higher-order results under disappointment (cases (ii) – (iv) in Proposition 2.9)

after our reference-point transformation resemble those of Eeckhoudt and Schlesinger

(2006). They further show that common assumptions on u(·) generate contrary predic-

tions on third-order effects compared to both standard EUT and expectational refer-

ences, and on fourth-order effects compared to EUT. However, just as with EUT and

expectational references, they predict risk aversion as well as monotone preferences.

Furthermore, similar to our findings for expectational references, the significance of

higher-order derivatives no longer applies in general. For strictly concave u functions

we still need the third and fourth derivative in order to characterize prudence and tem-

perance respectively. But in cases of u(·) being loss-averse S-shaped we only need the

first two derivatives in order to describe the preference relations of those higher orders.
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In all models where some form of expectations shape the reference point, we can

additionally ask whether these expectations form rationally, because only choices fol-

lowed through can reasonably be expected in the first place. We provided conditions

in Section 2.3 that have to be fulfilled for a choice to be a UPE under expectational

references. This is only relevant in decision scenarios where the CPE concept does not

apply. If the CPE concept can be applied, any choice is in fact an equilibrium. This

also holds for disappointment references. However, if CPE cannot be used, we call the

disappointment counterpart of UPE disappointment equilibria (DE). The DE that max-

imize ex-ante decision utility V (·) are the preferred disappointment equilibria (PDE).

Then,

Bn|E[Bn] is a DE ⇔ Bn|E[Bn] % An|E[Bn] and

An|E[An] is a DE ⇔ An|E[An] % Bn|E[An].

Since E[Bn] = E[An] (for n ≥ 2), we can further say that if and only if Bn|E[Bn] is

strictly preferred to An|E[An], choosing Bn is the only DE and thus PDE. Similarly,

if and only if An|E[An] is strictly preferred to Bn|E[Bn], choosing An is the only DE

and thus PDE. This holds for all but the first order. For the first order DE conditions

are identical to the UPE conditions of expectational references since E[B1] = B1 and

E[A1] = A1. Here, B1|B1 = B1|E[B1] is the only UPE and DE and thus PPE and PDE.

2.5.2 Regret

As already discussed, reference points need not necessarily be formed by the ex-

pectation of the choice made but can also be driven by regret feelings. Then, ex-ante

expectations of the foregone alternative functions as the reference point for the choice.

A prevalent question in the regret literature is how individuals evaluate choices when

there are several alternatives initially. This is not discussed in our context because the

definition of higher orders applied here is over binary alternatives only. In the following,

we derive how regret references affect higher-order risk attitudes.

Proposition 2.11 If preferences depend on reference points formed by regret, individ-

uals have monotone preferences, that is B1|A1 � A1|B1.

While Proposition 2.11 is a standard result which is satisfied by all other models as

well, our next result differs substantially from previous findings.
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Proposition 2.12 If preferences depend on reference points formed by regret, individ-

uals are always risk-neutral, that is B2|A2 ∼ A2|B2. This holds for all formulations of

u(·).

This proposition applies to all u functions, since M(B2) = M(A2) and U(B2|A2) always

contains the same elements with identical probabilities as U(A2|B2). For instance,

consider again the simple case where ε̃1 = [−ε1; ε1]. If the individual chooses the

gamble B2 over A2 she will receive y with certainty. Her foregone alternative would

have given her y− ε1 in half of the cases and y+ ε1 in the other half of the cases. With

regret references, choosing B2 over A2 exposes her to the regret of not receiving ε1

with probability 1/2. But it also gives her with probability 1/2 the chance of rejoicing

having not lost the same amount. Therefore, choosing B2 would give her the utility

of M([y]) + U([−ε1; ε1]). By contrast, if the individual chooses A2 over B2, with equal

probability she will receive y − ε1 or y + ε1 and will always compare it to the foregone

certain alternative y. Thus, choosing A2 would give her the utility M([y − ε1; y +

ε1]) + U([−ε1; ε1]). Since U(B2|A2) = U(A2|B2) = 1
2
u(−ε1) + 1

2
u(ε1) the individual is

indifferent between B2 and A2 for all possible shapes of u(·).
Proposition 2.12 is a surprising result, so it may require some further explanation.

One assumption that leads to this result is that m(·) is linear. Empirical evidence for

this assumption in the context of regret can be found in Bleichrodt, Cillo, and Diecidue

(2010). However, even if we allow m(·) to be concave or convex instead, it can be shown

that second-order risk attitudes with regret references are solely driven by the shape

of m(·). As long as u(·) and m(·) are strictly increasing, a strictly concave (convex,

linear) m function implies risk aversion (risk seeking, risk neutrality).25 This shows that

regret references do in this case only contribute to risk aversion because EUT effects are

reintroduced into the gain-loss function. Behavior under risk is still completely driven

by the shape of pure consumption utility. Since we are interested in the pure effect of

regret references without confounding effects of standard EUT preferences, Proposition

2.12 still constitutes an important result. The other assumption that leads to this result

is that outcome and reference distributions are stochastically independent. This is also

the reason why some models of regret, in which outcomes and foregone alternatives

are compared state-wise, conclude that regret leads to risk-averse behavior (see e.g.

Bleichrodt, Cillo, and Diecidue, 2010).

Unlike second-order effects, third-order effects are not eliminated by regret refer-

ences.
25B2|A2 � (≺,∼) A2|B2 ⇔ u(δ2)−u(−δ2) > (<,=) u(δ1)−u(−δ1) where δ1 ≡ m(y+ε1)−m(y) and

δ2 ≡ m(y)−m(y−ε1). For all strictly increasingm functions δ1, δ2 > 0. Since δ2 > (<,=) δ1 ⇔ m′′(·) <
(>,=) 0, for strictly increasing u functions it holds that B2|A2 � (≺,∼) A2|B2 ⇔ m′′(·) < (>,=) 0.



88 CHAPTER 2. HIGHER-ORDER REFERENCE-DEPENDENT PREFERENCES

Proposition 2.13 If preferences depend on reference points formed by regret, individ-

uals are prudent (imprudent, neither nor), that is B3|A3 � (≺,∼) A3|B3, if and only

if [−k; k + ε̃1 + ε̃′1]|[0] � (≺,∼) [k;−k + ε̃1 + ε̃′1]|[0].

Proposition 2.13 shows under which conditions individuals are prudent if their reference

point is determined by regret. Since M(B3) = M(A3) holds and in the comparison

of B3|A3 vs. A3|B3 densities of similar elements can be reduced this choice is there-

fore equivalent to [B3|A3〈A3|B3〉]|[0] = [−k; k + ε̃1 + ε̃′1]|[0] vs. [k;−k + ε̃1 + ε̃′1]|[0] =

[A3|B3〈B3|A3〉]|[0]. Similar to the definition of prudence by Eeckhoudt and Schlesinger

(2006), an individual in Proposition 2.13 is prudent if she prefers to face risk in the

higher wealth rather than in the lower wealth state (given her reference point was zero).

Whether individuals with reference points formed by regret are in fact prudent

or imprudent crucially depends on the functional form of u(·). If u′′′(·) > (<,=) 0

over the whole range, individuals are prudent (imprudent, neither nor). However, if

u(·) is loss-averse S-shaped individuals are never prudent. Corollary 2.10 also applies

to third-order risk preferences under regret. Moreover, if an individual is classified as

being prudent (imprudent, neither nor) with disappointment references and a given u

function, she will also be prudent (imprudent, neither nor) with regret references under

this u function.

Since the usual assumption in the regret literature is that u′′′(·) > 0, we again

observe a clear difference in predicted behavior between expectational and regret ref-

erences concerning third-order risk preferences.26 Moreover, since these two reference

points yielded already different predictions concerning second-order risk preferences,

the implications for precautionary saving and insurance demand could clearly not have

been generated by regret references.

Unlike for third-order effects, we again receive a result that is independent of the

functional form of u(·) for fourth-order effects.

Proposition 2.14 If preferences depend on reference points formed by regret, individ-

uals are never temperate or intemperate, that is B4|A4 ∼ A4|B4. This holds for all

formulations of u(·).

Proposition 2.14 shows that reference-dependent preferences with reference points de-

termined by regret can neither be temperate nor intemperate. Thus, there exists no

26Note that some authors (see e.g. Loomes and Sugden, 1982) use a function Q(m(α) −m(β)) ≡
m(α) −m(β) + u(m(α) −m(β)) − u(m(β) −m(α)) in order to state that the act is chosen where α
obtains in a certain state of the world and β would have obtained by a different choice (if and only if
the weighted value of Q(·) is positive). With this formulation, it is usually assumed that Q(·) is convex,
which corresponds to u(·) being decreasingly concave (see Bleichrodt, Cillo, and Diecidue, 2010). This
is equivalent to the assumption that u′(·) > 0, u′′(·) < 0, u′′′(·) > 0.
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preference to aggregate or disaggregate ε̃1 and ε̃2, two stochastically independent, sym-

metric and zero-mean random variables.

When looking at second- to fourth-order risk preferences, an interesting pattern

can be observed when our results for different endogenous reference points are com-

pared. Regret and expectational references do impose different risk attitudes for all

these orders. However, disappointment references impose risk preferences that can be

considered as in between expectational and regret references. For a given functional

form of gain-loss utility, predicted behavior of disappointment references is generically

different compared to expectational but not regret references with respect to the third

order, and it is different compared to regret but not expectational references concern-

ing the second and fourth order. This pattern generalizes to any arbitrary order n. By

comparing case (iv) of Proposition 2.9 to Theorem 2.7 one can easily see that if an

individual is risk apportioning of order n with n
2
∈ N (its opposite, neither nor) for a

given u function under disappointment, she will also be risk apportioning of order n

(its opposite, neither nor) under this u function with expectational references. This

holds, however, only for even but not for odd orders. In contrast, a similar relationship

between disappointment and regret only holds for odd but not for even orders. Com-

paring case (iv) of Proposition 2.9 to Theorem 2.15 shows that if an individual is risk

apportioning of order n with n
2
/∈ N (its opposite, neither nor) for a given u function

under disappointment, she will also be risk apportioning of order n (its opposite, neither

nor) with this u function under regret.

Theorem 2.15 generalizes our results under regret for arbitrary order n.

Theorem 2.15 If preferences depend on reference points formed by regret and n ≥ 4,

individuals are

(i) for odd orders (n
2
/∈ N) risk apportioning of order n (its opposite, neither nor),

that is Bn|An � (≺,∼) An|Bn, if and only if

[Bn|An〈An|Bn〉] |[0] =
[
An−2|Bn−2〈Bn−2|An−2〉;Bn−2|An−2〈An−2|Bn−2〉+ ε̃(n−1

2
) + ε̃′

(n−1
2

)

]
|[0]

� (≺,∼)[
Bn−2|An−2〈An−2|Bn−2〉;An−2|Bn−2〈Bn−2|An−2〉+ ε̃(n−1

2
) + ε̃′

(n−1
2

)

]
|[0] = [An|Bn〈Bn|An〉] |[0];

(ii) for even orders (n
2
∈ N) never risk apportioning of order n or its opposite, that is

Bn|An ∼ An|Bn. This holds for all formulations of u(·).

Considering n = 1 (Proposition 2.11) we showed that under regret first-order effects are

present. The same result was obtained for expectational (Proposition 2.1) as well as

disappointment references (case (i) in Proposition 2.9). However, with these reference

points the result was solely driven by pure consumption utility. By contrast, under
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regret the gain-loss component of utility contributes to this result as well, since choosing

a high and comparing it to a low outcome yields the sensation of rejoice, while choosing

the low outcome and comparing it to the high outcome yields a feeling of regret. With

n = 2, choosing an uncertain outcome and comparing it to a certain outcome with

an equal mean can result in sensations of both rejoice and regret. However, choosing

a certain outcome and comparing it to the risky alternative yields exactly the same

feelings of rejoice and regret. Individuals with regret references therefore do not care

whether to take or avoid a risk. Risk enters gain-loss utility either via the outcome or

via the reference point. In general, questions of aggregating or disaggregating risk(s)

become irrelevant with regret preferences since they enter the evaluation through either

the avoided or the chosen alternative. This eliminates even-order risk preferences.

Nevertheless, location still matters and makes odd-order effects relevant.

As for Theorem 2.7, a similar, more formal intuition also applies to Theorem 2.15.

Since for even orders −Bn � (≺,∼) − An if and only if Bn � (≺,∼) An (due to

the symmetry of ε̃i and the absence of a reduction of k) and with regret references the

magnitude of both these opposing effects is equal, an individual is now always indifferent

between Bn|An and An|Bn for even n. For odd orders note that −Bn � (≺,∼) − An
if and only if Bn ≺ (�,∼) An (again due to the existence of a k reduction in addition

to symmetric ε̃i). Thus, an individual now prefers Bn|An to An|Bn if and only if she is

risk apportioning of order n.

Comparing Theorem 2.15 to 2.7 highlights the fact that reference points formed by

regret in a way induce opposite risk preferences as those formed by expectations. With

regret, preferences of even orders vanish while those of odd orders may well be present.

By contrast, with reference points formed by expectations preferences of odd orders

are absent and those of even orders are still present. One implication is that reference-

dependent risk preferences of any order are only affected by either expectations or regret.

This suggests that both forms of endogenous reference points rather supplement than

collide with each other. Our findings stress the advantage of jointly analyzing regret

and expectational references in a unified framework. Until now, both streams of the

literature have been analyzed separately despite the fact that they addressed similar

questions.

2.5.3 Exogenous Reference Points

Unlike endogenous reference points like expectational, disappointment, or regret

references, exogenous reference points are usually of an ad hoc nature. This is because

almost every assumption on exogenous reference points can be supported by some
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reasoning. In the following, we concentrate on the intuitively most appealing and most

frequently discussed reference points.

Assuming the status quo is not only very popular, but it is also easily assessed.

Furthermore, it is undeniably exogenous at a given point in time. For these reasons

the status quo is advantageous if limited information is available on processes prior

to the decision at hand. Also, it does not require any assumption on how individuals

form their beliefs over future states. Only the minimum assumption of an individual’s

awareness of her current state is necessary. Independently of these considerations the

status quo may be the natural reference point when decisions come as a surprise. In

our analysis wealth is normalized such that the status quo is 0.27

Although the status quo is often an obvious candidate for the reference point in

experiments, it seems highly sensitive to framing effects. In general, many framing

situations are possible and could support various exogenous reference points. If, for

instance, an experiment was actually conducted over the gambles we used in our defini-

tions, the reference point could be influenced in several ways. However, we focus firstly

on situations where the framing of the choice reduces complexity. These are scenarios in

which the subject decides in which situation she accepts an additional ‘harm’, i.e. −k or

ε̃i (see Eeckhoudt and Schlesinger, 2006). As in the experiment of Deck and Schlesinger

(2010), which tests for prudence and temperance in the laboratory, a subject has to

decide whether to take an unavoidable risk in a high- or low-wealth state (prudence)

or in a certain or uncertain state (temperance). Formally, she has to add ε̃1 to one of

the outcomes in the gamble [y; y − k] (prudence) or [y; y + ε̃2] (temperance) and these

gambles may then act as the subject’s reference point. This is, however, only the case

if the reference point adjusts sufficiently fast. An equally complex framing to measure

prudence, which has been used in the experiments of Deck and Schlesinger (2010) and

Ebert and Wiesen (2011), would be the task of assigning a sure reduction of k to one

of the outcomes in the gamble [y; y+ ε̃1]. Again, this gamble may then act as subjects’

reference point.28 Secondly, y is the single element that is present in all possible states

of the world. It may therefore act as a mental anchor and thus be a natural point of

comparison.

In Tables 2.1 to 2.3 we summarize our results for these reference scenarios. The

first column defines the assumed exogenous reference point. We computed Bn|· and An|·
given these reference points with n ∈ {2, 3, 4}. In the second column we state what the

27Other deterministic reference points could be generated by past outcomes (habit formation) or
self-selected goals (aspiration levels). We do not analyze these scenarios in our static framework.

28Note that it is not required to implement the higher-order gamble definitions in such compound
ways. In the experiment of Maier and Rüger (2010) all gambles were presented in a non-compound
format which would suggest using 0 as the reference point even if the adjustment happens fast.



92 CHAPTER 2. HIGHER-ORDER REFERENCE-DEPENDENT PREFERENCES

Table 2.1: Second-Order Effects with Exogenous References

Reference Equivalent to Globally Linear w/ Globally Symmetric S-shape (w/
Point Evaluating Linear Loss Aversion Standard S-shape Loss Aversion)

·|[0] [y]|[0] vs. [y + ε̃1]|[0] B2|· ∼ A2|· B2|· %1 A2|· B2|· � A2|· B2| · %≺
2
A2|· B2| · %≺

3
A2|·

·|[y] [0]|[0] vs. [ε̃1]|[0] B2|· ∼ A2|· B2|· � A2|· B2|· � A2|· B2|· ∼ A2|· B2|· � A2|·

Notes:
1) B2|· � A2|· if −ε1 < y < ε1; B2|· ∼ A2|· if ε1 ≤ y or y ≤ −ε1; thus determined over the full range.
2) B2|· � A2|· if 0 < y; B2|· ∼ A2|· if y = 0; B2|· ≺ A2|· if y < 0; thus determined over the full range.
3) B2|· � A2|· if ε1 ≤ y; B2|· ≺ A2|· if y ≤ −ε1; generally ambiguous if −ε1 < y < ε1.

comparison of these gambles reduces to, namely [Bn| · 〈An|·〉]|[0] vs. [An| · 〈Bn|·〉]|[0]. If and

only if the former gamble is preferred to the latter, Bn|· � An|·. In general, our findings

for exogenous reference points depend on the functional form of the evaluation function

u(·). As in the previous sections, we again distinguish between common assumptions

about u(·) and present their corresponding results in columns three to seven.

Table 2.2: Third-Order Effects with Exogenous References

Reference Equivalent to Globally Linear w/ Globally Symmetric S-shape (w/
Point Evaluating Linear Loss Aversion Standard S-shape Loss Aversion)

·|[0] [y − k; y + ε̃1]|[0] vs. B3|· ∼ A3|· B3| · %≺
1
A3|· B3|· � A3|· B3| · %≺

2
A3|· B3| · %≺

2
A3|·

[y; y − k + ε̃1]|[0]
·|[y] [−k; ε̃1]|[0] vs. B3|· ∼ A3|· B3|· ≺ A3|· B3|· � A3|· B3|· ≺ A3|· B3|· ≺ A3|·

[0;−k + ε̃1]|[0]
·|[y; y + ε̃1] [−k; 2ε̃1]|[0] vs. B3|· ∼ A3|· B3|· ≺ A3|· B3|· � A3|· B3|· ≺ A3|· B3|· ≺ A3|·

[0;−k + 2ε̃1]|[0]
·|[y; y − k] [−k; k + ε̃1]|[0] vs. B3|· ∼ A3|· B3|· -3 A3|· B3|· � A3|· B3|· ≺ A3|· B3|· ≺ A3|·

[k;−k + ε̃1]|[0]

Notes:
1) B3|· ∼ A3|· if y ≤ −ε1, or ε1 + k ≤ y; B3|· ≺ A3|· if y = 0; generally ambiguous if −ε1 < y < ε1 + k ∧ y 6= 0, but
B3|· � A3|· if k < y < ε1, B3|· ∼ A3|· if ε1 < y < k − ε1, and B3|· ≺ A3|· if k − ε1 < y < 0.
2) B3|· � (∼,≺) A3|· if either y ≤ −ε1 or ε1 + k ≤ y, and additionally u′′′(·) > (=, <) 0; generally ambiguous if
−ε1 < y < ε1 + k, or the sign of u′′′(·) is not constant over the full range.
3) B3|· ∼ A3|· if ε1 ≤ k; B3|· ≺ A3|· if k < ε1; thus determined over the full range.

In column three u(·) is globally linear. In the fourth column we consider piecewise

linear gain-loss utility with a unique kink at 0 inducing loss aversion. In the fifth col-

umn we analyze a standard u function that has derivatives that alternate in sign with

u′(·) being positive. Column six considers a function that exhibits identical diminishing

sensitivity for losses and gains. In column seven we report results for S-shaped u func-

tions that are asymmetric, either due to loss aversion or faster diminishing sensitivity in

gains than in losses, or both. This functional form is the traditional assumption made

in prospect theory. All results in Tables 2.1 to 2.3 are formally derived for two-outcome

ε̃i, hence ε̃i = [−εi, εi].
As can be seen from Tables 2.1 to 2.3 results are rather ambiguous in case the

reference point is the status quo. This is due to the fact that individuals can end up

making gains or losses depending on the specific parameter combinations of y, k, ε1, and
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Table 2.3: Fourth-Order Effects with Exogenous References

Reference Equivalent to Globally Linear w/ Globally Symmetric S-shape (w/
Point Evaluating Linear Loss Aversion Standard S-shape Loss Aversion)

·|[0]
[y+ε̃1; y+ε̃2]|[0] vs.
[y; y + ε̃1 + ε̃2]|[0]

B4|· ∼ A4|· B4| · %≺
1
A4|· B4|· � A4|· B4| · %≺

2
A4|· B4| · %≺

2
A4|·

·|[y]
[ε̃1; ε̃2]|[0] vs.
[0; ε̃1 + ε̃2]|[0]

B4|· ∼ A4|· B4|· ≺ A4|· B4|· � A4|· B4|· ∼ A4|· B4|· ≺ A4|·

·|[y; y + ε̃2] [2ε̃2; ε̃1]|[0] vs.
[0; 2ε̃2 + ε̃1]|[0]

B4|· ∼ A4|· B4|· ≺ A4|· B4|· � A4|· B4|· ∼ A4|· B4|· ≺ A4|·

Notes:
1) B4|· ∼ A4|· if ε1 + ε2 ≤ y, y = 0, or y ≤ −ε1 − ε2; B4|· � A4|· if −ε1 − ε2 < y ≤ −max{ε1, ε2}, or max{ε1, ε2} <
y < ε1 + ε2; generally ambiguous if −max{ε1, ε2} < y < max{ε1, ε2}.
2) B4|· � (∼,≺) A4|· if either y ≤ −ε1 − ε2 or ε1 + ε2 ≤ y, and additionally u′′′′(·) < (=, >) 0; generally ambiguous if
−ε1 − ε2 < y < ε1 + ε2, or the sign of u′′′′(·) is not constant over the full range.

ε2. In the other reference scenarios initial wealth y cancels out since it is part of both

the reference point and the gambles evaluated. Results for these reference scenarios are

therefore more straightforward.29 Generally, they vary widely with the functional form

considered. Nevertheless, a few tendencies seem prevalent. While not stated explicitly,

exogenous reference points also yield monotone preferences. As already extensively

discussed in the existing literature, we further find that loss aversion induces risk aver-

sion. But, more surprisingly, loss aversion also induces imprudence and intemperance

in many cases. Assuming a S-shaped u function does only generate risk aversion in the

asymmetric case (column seven). Such a requirement is not needed for the third order.

Here, an S-shaped u function always induces imprudence in cases where y is an element

of the reference point. These results clearly show that exogenous reference points do not

yield the same predictions on third-order risk preferences as expectational references.

Again, the implications of expectational references we derived for precautionary saving

and insurance demand would therefore not obtain with exogenous reference points.

2.6 Conclusion

Models of reference-dependent preferences have been proposed to resolve empirical

puzzles concerning second-order risk preferences. There has been no attempt to con-

sider higher orders, like the third-order effect of prudence or the fourth-order effect of

temperance, in these models in order to see whether they can resolve empirical puzzles

concerning higher orders as well. This chapter is a first attempt in this direction. We

first analyzed higher-order risk preferences in Kőszegi and Rabin’s (2006, 2007) model

of expectation-based reference dependence. Risk preferences of odd orders (except or-

29Note that in case of a fixed, real-numbered reference point, as in the first two rows of Tables 2.1
to 2.3, our reference-dependent model reduces to a general EUT model if the functional form of u(·)
does not depend on the reference point (see Wakker, 2005).
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der one) were generally found to be absent while even-order risk attitudes still exist

in their model. These results show that higher-order risk preferences under reference

dependence follow a completely different pattern than in classical EUT models as they

do not depend on the previous order. For example, if a certain order delivers indif-

ference in EUT, the next higher order has to deliver indifference as well. This is not

the case under reference dependence. Therefore, our results have strong implications in

situations where characteristics of one order are used to derive statements on a succeed-

ing order. We considered precautionary saving and optimal demand for insurance as

illustrating examples for the implications of our results. In a simple model we showed

that seemingly sub-optimal amounts of precautionary saving under EUT may well be

optimal under reference dependence. Also, the importance of insurance is less mitigated

by buffer-stock saving with such preferences. These implications were formally derived

in a two-period model. In order to verify whether the observed empirical patterns also

match the optimal behavior of individuals under reference dependence quantitatively,

a dynamic analysis would be necessary. However, this would additionally require a

dynamic model of belief formation concerning own behavior in all future periods. Such

a task is left for future research.

In a second step, we further showed that alternative behavioral models cannot re-

solve these empirical puzzles as they predict different patterns of risk attitudes toward

higher orders. In this robustness analysis we considered other endogenous as well as

exogenous reference points. While exogenous reference points often seem to be of an ad-

hoc nature, endogenous reference points generally account for the fact that individuals

anticipate how their behavior will have a feedback on their preferences. With reference

points being endogenously formed by the alternative choice, as in models of regret, risk

preferences toward even orders are absent while those of odd orders are present. With

reference points being endogenously formed by the mean of expectations, as in models

of disappointment, results can be considered as in between expectational and regret

references. Note that all these models predict monotone preferences. However, only

concerning higher even orders expectation-based reference dependence and disappoint-

ment models yield the same predicted behavior and only with respect to higher odd

orders models of regret and disappointment yield the same behavior. Regret models

and expectation-based reference dependence never induce the same behavior as they

yield opposite patterns of higher-order risk attitudes.

Together with our results on exogenous reference points, which generally differ

from expectation-based reference dependence, our robustness analysis clearly showed

that higher-order risk preferences under expectation-based reference dependence follow
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a different pattern than under alternative assumptions on the reference point. Alterna-

tive behavioral models can therefore in general not resolve the same empirical puzzles

that can be resolved with expectation-based reference dependence. Besides this obser-

vation, comparing our results on endogenous reference points offers further interesting

insights. On the one hand, they emphasize a new way, for instance via third-order risk

preferences, to discriminate between expectation-based reference dependence and mod-

els of disappointment in laboratory experiments. This has not been possible in the past

and the gamble definitions of Eeckhoudt and Schlesinger (2006) we used in our analysis

are especially advantageous in this respect. On the other hand, they show that models

of regret and expectation-based reference dependence cannot influence risk preferences

of a certain order simultaneously. Thus, risk preferences of a particular order can only

be influenced by either expectational or regret references. The notion that expectations

and regret influence human decision making under uncertainty in distinctively different

ways is also suggested by neurological research. For instance, Camille et al. (2004)

and Coricelli et al. (2005) find that counterfactual thinking on the alternative choice is

activated in a different brain region than counterfactual thinking on one’s choice taken.

Although we analyzed the implications of our results for two specific examples

only, i.e. precautionary saving and insurance demand, they may well be of significance

in other areas as well where higher orders have shown to play an important role. For

instance, they could lead to further insights for asset demand under background risk

or for precautionary labor supply. Future research should therefore analyze further

applications where our results on reference-dependent risk preferences of higher orders

may be helpful to yield better predictions than those of classical EUT models.
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2.7 Appendix: Proofs

Proof. [Proposition 2.1] Since U(B1|B1) = u(m(y) − m(y)) = u(0) and U(A1|A1) =

u(m(y − k) −m(y − k)) = u(0), it follows that U(B1|B1) = U(A1|A1). Then, V (B1|B1) =

M(B1) + U(B1|B1) = m(y) + u(0) and V (A1|A1) = M(A1) + U(A1|A1) = m(y − k) + u(0).

Since m(·) is strictly increasing and k > 0, it follows that V (B1|B1) > V (A1|A1) and thus

B1|B1 � A1|A1.

Lemma 2.16 M(Bn) = M(An) holds for all n ≥ 2. It therefore holds for all n ≥ 2 that

Bn|C � (≺,∼) An|C ⇔ V (Bn|C) > (<,=) V (An|C)⇔ U(Bn|C) > (<,=) U(An|C)

where C is any arbitrary gamble.

Proof. [Lemma 2.16] From E[ε̃1] = 0, the linearity of m(·), and the definitions of B2, A2, B3,

A3, it follows that M(B2) = M(A2) and M(B3) = M(A3). Using these results, E[ε̃i] = 0 ∀i,
and the linearity of m(·), it follows from the definitions of Bn and An that M(Bn) = M(An)

also holds for n ≥ 4. Thus, for all n ≥ 2 and C being any arbitrary gamble it holds that

Bn|C � (≺,∼) An|C ⇔ V (Bn|C) > (<,=) V (An|C)⇔ U(Bn|C) > (<,=) U(An|C).

Proof. [Proposition 2.2] From Lemma 2.16 it follows that B2|B2 � (≺,∼) A2|A2 ⇔
U(B2|B2) > (<,=) U(A2|A2). Evaluating B2|B2 by U(·) means getting B2 = y and also

expecting B2 = y. Therefore,

U(B2|B2) = u(m(y)−m(y)) = u(0).

Evaluating A2|A2 by U(·) means getting A2 = y+ε̃1 and also expecting A2 = y+ε̃′1. Therefore,

U(A2|A2) =

∫∫
u(m(y + ε̃1)−m(y + ε̃′1))dF (ε̃1)dF (ε̃′1)

=

∫∫
u(ε̃1 + ε̃′1)dF (ε̃1)dF (ε̃′1),

where the last equality holds because of the symmetry of all ε̃i and the linearity of m(·). From

E[ε̃1] = 0, E[ε̃′1] = 0 and the stochastic independence of ε̃1 and ε̃′1 it follows that E[ε̃1 + ε̃′1] = 0.

From E[ε̃1 + ε̃′1] = 0 and the linearity of m(·) it follows that M([ε̃1 + ε̃′1]) = M([0]). Thus, we

can state that

V (B2|B2) > (<,=) V (A2|A2)⇔ V ([0]|[0]) > (<,=) V ([ε̃1 + ε̃′1]|[0]),

and therefore

B2|B2 � (≺,∼) A2|A2 ⇔ [0]|[0] � (≺,∼) [ε̃1 + ε̃′1]|[0].
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Alternatively, we can also state that both gambles reduce to

[B2|B2〈A2|A2〉] |[0] = [0]|[0] and [A2|A2〈B2|B2〉] |[0] = [ε̃1 + ε̃′1]|[0]

when compared with each other.

Proof. [Proposition 2.4] Evaluating B3|B3 by U(·) delivers

U(B3|B3) =

∫∫ [
1
4u(m(y − k)−m(y − k)) + 1

4u(m(y − k)−m(y + ε̃′1))

+1
4u(m(y + ε̃1)−m(y − k)) + 1

4u(m(y + ε̃1)−m(y + ε̃′1))
]
dF (ε̃1)dF (ε̃′1)

=

∫∫ [
1
4u(0) + 1

4u(−k + ε̃′1) + 1
4u(k + ε̃1) + 1

4u(ε̃1 + ε̃′1)
]
dF (ε̃1)dF (ε̃′1),

where the last equality holds because of the symmetry of all ε̃i and the linearity of m(·).
Evaluating A3|A3 by U(·) delivers

U(A3|A3) =

∫∫ [
1
4u(m(y)−m(y)) + 1

4u(m(y)−m(y − k + ε̃′1)) + 1
4u(m(y − k + ε̃1)−m(y))

+1
4u(m(y − k + ε̃1)−m(y − k + ε̃′1))

]
dF (ε̃1)dF (ε̃′1)

=

∫∫ [
1
4u(0) + 1

4u(k + ε̃′1) + 1
4u(−k + ε̃1) + 1

4u(ε̃1 + ε̃′1)
]
dF (ε̃1)dF (ε̃′1),

where the last equality holds because of the symmetry of all ε̃i. Since ε̃1 and ε̃′1 are iden-

tically distributed we can conclude that U(B3|B3) = U(A3|A3) regardless of the shape of

u(·). Lemma 2.16 showed that M(B3) = M(A3). From M(B3) = M(A3) and U(B3|B3) =

U(A3|A3) it follows that V (B3|B3) = V (A3|A3) and thus B3|B3 ∼ A3|A3. Alternatively, we

can also state that both gambles reduce to

[B3|B3〈A3|A3〉] |[0] = [C]|[0] and [A3|A3〈B3|B3〉] |[0] = [C]|[0] (2.16)

when compared with each other, where C denotes any arbitrary gamble.

Proof. [Proposition 2.5] Follows directly from Theorem 2.7.
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Proof. [Theorem 2.7] To prove both part (i) and part (ii) of Theorem 2.7 (where we use

Lemma 2.16, ε̃i being symmetric with E[ε̃i] = 0 ∀i, and the linearity of m(·)) it helps to show

first that for all n ≥ 3

[Bn|Bn〈An|An〉] |[0]

=
[
Bn−2|Bn−2〈An−2|An−2〉;An−2|An−2〈Bn−2|Bn−2〉+ ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0], (2.17)

[An|An〈Bn|Bn〉] |[0]

=
[
An−2|An−2〈Bn−2|Bn−2〉;Bn−2|Bn−2〈An−2|An−2〉+ ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0]. (2.18)

To show this, note that [Bn|Bn〈An|An〉]|[0] and [An|An〈Bn|Bn〉]|[0] can be expressed as gambles

containing only Bn and An.

Bn|Bn = [Bn −Bn] |[0] and An|An = [An −An] |[0]

⇒ [Bn|Bn〈An|An〉]|[0] = [Bn −Bn] |[0] and [An|An〈Bn|Bn〉]|[0] = [An −An] |[0],

and therefore

[Bn−2|Bn−2〈An−2|An−2〉]|[0] = [Bn−2 −Bn−2] |[0] (2.19)

and [An−2|An−2〈Bn−2|Bn−2〉]|[0] = [An−2 −An−2] |[0]. (2.20)

However, [Bn|Bn〈An|An〉]|[0] and [An|An〈Bn|Bn〉]|[0] can also be expressed as gambles containing

only Bn−2 and An−2 since Bn = [An−2;Bn−2 + ε̃int(n
2

)] and An = [Bn−2;An−2 + ε̃int(n
2

)].

Bn|Bn =
[
An−2 −An−2;An−2 −Bn−2 + ε̃′int(n

2
)
;Bn−2 −An−2 + ε̃int(n

2
);

Bn−2 −Bn−2 + ε̃int(n
2

) + ε̃′int(n
2

)

]
|[0]

and An|An =
[
Bn−2 −Bn−2;Bn−2 −An−2 + ε̃′int(n

2
)
;An−2 −Bn−2 + ε̃int(n

2
);

An−2 −An−2 + ε̃int(n
2

) + ε̃′int(n
2

)

]
|[0]

⇒ [Bn|Bn〈An|An〉]|[0] =
[
An−2 −An−2;Bn−2 −Bn−2 + ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0] (2.21)

and [An|An〈Bn|Bn〉]|[0] =
[
Bn−2 −Bn−2;An−2 −An−2 + ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0], (2.22)

because two of the elements cancel out when the two gambles are compared with each other.

Finally, inserting (2.19) and (2.20) into (2.21) and (2.22) delivers (2.17) and (2.18). Part (i) of

Theorem 2.7 follows directly from (2.17) and (2.18) when we note that for n
2 ∈ N⇒ int(n2 ) =

n
2 .



CHAPTER 2. HIGHER-ORDER REFERENCE-DEPENDENT PREFERENCES 99

In order to prove part (ii) of Theorem 2.7 (n2 /∈ N) we again use (2.17) and (2.18). Suppose

n = 5, then

[B5|B5〈A5|A5〉]|[0] =
[
A3|A3〈B3|B3〉;B3|B3〈A3|A3〉+ ε̃2 + ε̃′2

]
|[0] (2.23)

and [A5|A5〈B5|B5〉]|[0] =
[
B3|B3〈A3|A3〉;A3|A3〈B3|B3〉+ ε̃2 + ε̃′2

]
|[0]. (2.24)

By inserting (2.16) into (2.23) and (2.24) and canceling ε̃2 and ε̃′2 in both gambles we then

get

[B5|B5〈A5|A5〉]|[0] = [C]|[0] and [A5|A5〈B5|B5〉]|[0] = [C]|[0]. (2.25)

⇒ B5|B5 ∼ A5|A5.

Since (2.25), by the same logic it must also hold that [B7|B7〈A7|A7〉]|[0] = [C]|[0] and

[A7|A7〈B7|B7〉]|[0] = [C]|[0]. Continuing this reasoning yields

[Bn|Bn〈An|An〉]|[0] = [C]|[0] and [An|An〈Bn|Bn〉]|[0] = [C]|[0]

⇒ Bn|Bn ∼ An|An

for n
2 /∈ N and C being any arbitrary gamble.

Proof. [Proposition 2.8] First, we show that the second-order conditions are met for the

optimal values in the benchmark model. The second partial derivatives of V b(·) are

∂2V b

(∂ki)2 = (1 + λ)2c′′(y − ks − (1 + λ)ki) + 2c′′(y − ε1 + ks + 2ki) < 0,

∂2V b

(∂ks)2 = c′′(y − ks − (1 + λ)ki) + 1
2c
′′(y − ε1 + ks + 2ki) + 1

2c
′′(y + ε1 + ks) < 0,

∂2V b

∂ks∂ki
= (1 + λ)c′′(y − ks − (1 + λ)ki) + c′′(y − ε1 + ks + 2ki) < 0.

Then, the determinant of the Hessian in the benchmark case reduces to

|Hb| = 1
2

(
1 + λ2

)
c′′(y − ε1 + ks + 2ki)c′′(y − ks − (1 + λ)ki)

+1
2c
′′(y + ε1 + ks)

[
(1 + λ)2c′′(y − ks − (1 + λ)ki) + 2c′′(y − ε1 + ks + 2ki)

]
> 0.
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Now, we show that the second-order conditions are met for the values solving the first-order

conditions in the hybrid model. Then conditions (2.13) and (2.15) in fact have to hold in the

optimum. The second partial derivatives of V h(·) are

∂2V h

(∂ki)2 = (1 + λ)2c′′(y − ks − (1 + λ)ki) + 2c′′(y − ε1 + ks + 2ki)

+u′′(2ε− 2ki) + u′′(−2ε+ 2ki) < 0, (2.26)

∂2V h

(∂ks)2 = c′′(y − ks − (1 + λ)ki) + 1
2c
′′(y − ε1 + ks + 2ki) + 1

2c
′′(y + ε1 + ks) < 0, (2.27)

∂2V h

∂ks∂ki
= (1 + λ)c′′(y − ks − (1 + λ)ki) + c′′(y − ε1 + ks + 2ki) < 0, (2.28)

where we used the assumption of u′′(τ) ≤ −u′′(−τ) ∀τ > 0 to derive (2.26). The determinant

of the Hessian in the hybrid case reduces to

|Hh| = 1
2

(
1 + λ2

)
c′′(y − ε1 + ks + 2ki)c′′(y − ks − (1 + λ)ki)

+1
2c
′′(y + ε1 + ks)

[
(1 + λ)2c′′(y − ks − (1 + λ)ki) + 2c′′(y − ε1 + ks + 2ki)

]
+ ∂2V h

(∂ks)2

[
u′′(2ε− 2ki) + u′′(−2ε+ 2ki)

]
> 0, (2.29)

where we again used the assumption u′′(τ) ≤ −u′′(−τ) ∀τ > 0 as well as (2.27). We can now

conclude from (2.15) that dki > 0 has to hold if we use (2.27) and (2.29). Using this result it

follows from (2.13), (2.27), and (2.28) that dks < 0 which completes the proof.

Proof. [Proposition 2.9] Parts (i)-(iv) of Proposition 2.9 will be proved subsequently. Part

(i) follows directly from the proof of Proposition 2.1 since B1 = E[B1] and A1 = E[A1].

For proving part (ii) first note that from Lemma 2.16 it follows that B2|E[B2] � (≺,∼
) A2|E[A2]⇔ U(B2|E[B2]) > (<,=) U(A2|E[A2]). Evaluating B2|E[B2] by U(·) means getting

B2 = y and expecting E[B2] = y. Thus,

U(B2|E[B2]) = u(m(y)−m(y)) = u(0).

Evaluating A2|E[A2] by U(·) means getting A2 = y + ε̃1 and expecting E[A2] = y since

E[ε̃′1] = 0. Therefore,

U(A2|E[A2]) =

∫
u(m(y + ε̃1)−m(

∫
(y + ε̃′1)dF (ε̃′1)))dF (ε̃1)

=

∫
u(m(y + ε̃1)−m(y))dF (ε̃1) =

∫
u(ε̃1)dF (ε̃1),

where the last equality holds because of the linearity of m(·). From E[ε̃1] = 0 and m(·) being

linear it follows that M([ε̃1]) = M([0]). We can therefore state that

V (B2|E[B2]) > (<,=) V (A2|E[A2])⇔ V ([0]|[0]) > (<,=) V ([ε̃1]|[0]),
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and hence

B2|E[B2] � (≺,∼) A2|E[A2]⇔ [0]|[0] � (≺,∼) [ε̃1]|[0].

For proving part (iii) we first note that evaluating B3|E[B3] by U(·) delivers

U(B3|E[B3]) =

∫ [
1
2u(m(y − k)−m(

∫
(1

2(y − k) + 1
2(y + ε̃′1))dF (ε̃′1)))

+1
2u(m(y + ε̃1)−m(

∫
(1

2(y − k) + 1
2(y + ε̃′1))dF (ε̃′1)))

]
dF (ε̃1)

=

∫ [
1
2u(m(y − k)−m(y − k

2 )) + 1
2u(m(y + ε̃1)−m(y − k

2 ))
]
dF (ε̃1)

=

∫ [
1
2u(−k

2 ) + 1
2u(k2 + ε̃1)

]
dF (ε̃1),

where the second equality holds because E[ε̃′1] = 0 and the last equality holds since m(·) is

linear. Evaluating A3|E[A3] by U(·) yields

U(A3|E[A3]) =

∫ [
1
2u(m(y − k + ε̃1)−m(

∫
(1

2(y − k + ε̃′1) + 1
2y)dF (ε̃′1)))

+1
2u(m(y)−m(

∫
(1

2(y − k + ε̃′1) + 1
2y)dF (ε̃′1)))

]
dF (ε̃1)

=

∫ [
1
2u(m(y − k + ε̃1)−m(y − k

2 )) + 1
2u(m(y)−m(y − k

2 ))
]
dF (ε̃1)

=

∫ [
1
2u(−k

2 + ε̃1) + 1
2u(1

2)
]
dF (ε̃1),

where again the second equality holds because E[ε̃′1] = 0 and the last equality holds since m(·)
is linear. Lemma 2.16 showed that M(B3) = M(A3). From E[ε̃1] = 0 and the linearity of

m(·) it follows that M([−k
2 ; k2 + ε̃1]) = M([−k

2 + ε̃1; k2 ]), and we can therefore state that

V (B3|E[B3]) > (<,=) V (A3|E[A3])⇔ V ([−k
2 ; k2 + ε̃1]|[0]) > (<,=) V ([−k

2 + ε̃1; k2 ]|[0]),

and hence

B3|E[B3] � (≺,∼) A3|E[A3]⇔ [−k
2 ; k2 + ε̃1]|[0] � (≺,∼) [−k

2 + ε̃1; k2 ]|[0].

In order to prove part (iv) note that from the definitions of Bn and An it follows that

E[Bn] = E[An] = y if n2 ∈ N∧n ≥ 2 and that E[Bn] = E[An] = y− k
2 if n2 /∈ N∧n ≥ 3. Consider

first the case where n
2 ∈ N∧n ≥ 4. Then, Bn|E[Bn] = [Bn−y] and An|E[An] = [An−y] holds
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for all n ≥ 2 with n
2 ∈ N. Since Bn = [An−2;Bn−2 + ε̃int(n

2
)] and An = [Bn−2;An−2 + ε̃int(n

2
)]

we get for any arbitrary n ≥ 4 with n
2 ∈ N that

Bn|E[Bn] = [An−2 − y;Bn−2 − y + ε̃int(n
2

)]|[0]

= [An−2|E[An−2];Bn−2|E[Bn−2] + ε̃int(n
2

)]|[0],

and An|E[An] = [Bn−2 − y;An−2 − y + ε̃int(n
2

)]|[0]

= [Bn−2|E[Bn−2];An−2|E[An−2] + ε̃int(n
2

)]|[0].

Now consider the other case where n
2 /∈ N ∧ n ≥ 5. Then, Bn|E[Bn] = [Bn − (y − k

2 )] and

An|E[An] = [An − (y − k
2 )] holds for all n ≥ 3 with n

2 /∈ N. Since Bn = [An−2;Bn−2 + ε̃int(n
2

)]

and An = [Bn−2;An−2 + ε̃int(n
2

)] we get for any arbitrary n ≥ 5 with n
2 /∈ N that

Bn|E[Bn] = [An−2 − (y − k
2 );Bn−2 − (y − k

2 ) + ε̃int(n
2

)]|[0]

= [An−2|E[An−2];Bn−2|E[Bn−2] + ε̃int(n
2

)]|[0],

and An|E[An] = [Bn−2 − (y − k
2 );An−2 − (y − k

2 ) + ε̃int(n
2

)]|[0]

= [Bn−2|E[Bn−2];An−2|E[An−2] + ε̃int(n
2

)]|[0].

Lemma 2.16 showed that M(Bn) = M(An) ∀n ≥ 2. From the fact that E[ε̃i] = 0 always

holds and the linearity of m(·) it follows that M([An−2|E[An−2];Bn−2|E[Bn−2] + ε̃int(n
2

)]) =

M([Bn−2|E[Bn−2];An−2|E[An−2] + ε̃int(n
2

)]), and we can therefore state that

V (Bn|E[Bn]) > (<,=) V (An|E[An])

⇔ V ([An−2|E[An−2];Bn−2|E[Bn−2] + ε̃int(n
2

)]|[0])

> (<,=) V ([Bn−2|E[Bn−2];An−2|E[An−2] + ε̃int(n
2

)]|[0]),

and hence

Bn|E[Bn] � (≺,∼) An|E[An] ⇔ [An−2|E[An−2];Bn−2|E[Bn−2] + ε̃int(n
2

)]|[0]

� (≺,∼) [Bn−2|E[Bn−2];An−2|E[An−2] + ε̃int(n
2

)]|[0].

Proof. [Proposition 2.11] Since U(B1|A1) = u(m(y)−m(y − k)) = u(k) and U(A1|B1) =

u(m(y − k) −m(y)) = u(−k) (because of the linearity of m(·)), it follows that V (B1|A1) =

M(B1) +U(B1|A1) = m(y) + u(k) and V (A1|A1) = M(A1) +U(A1|B1) = m(y− k) + u(−k).

Since m(·) and u(·) are strictly increasing and k > 0 it follows that V (B1|A1) > V (A1|B1)

and therefore B1|A1 � A1|B1.
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Proof. [Proposition 2.12] Evaluating B2|A2 by U(·) delivers

U(B2|A2) =

∫
u(m(y)−m(y + ε̃′1))dF (ε̃′1) =

∫
u(ε̃′1)dF (ε̃′1).

Evaluating A2|B2 by U(·) delivers

U(A2|B2) =

∫
u(m(y + ε̃1)−m(y))dF (ε̃1) =

∫
u(ε̃1)dF (ε̃1).

The last equalities in both cases hold due to the symmetry of all ε̃i and the linearity of

m(·). Since ε̃1 and ε̃′1 are identically distributed we can conclude that U(B2|A2) = U(A2|B2)

regardless of the shape of u(·). Using M(B2) = M(A2) from Lemma 2.16 and U(B2|A2) =

U(A2|B2), it follows that V (B2|A2) = V (A2|B2) and thus B2|A2 ∼ A2|B2. Alternatively, we

can also state that both gambles reduce to

[B2|A2〈A2|B2〉] |[0] = [C]|[0] and [A2|B2〈B2|A2〉] |[0] = [C]|[0] (2.30)

when compared with each other, where C denotes any arbitrary gamble.

Proof. [Proposition 2.13] From Lemma 2.16 we know that B3|A3 � (≺,∼) A3|B3 ⇔
U(B3|A3) > (<,=) U(A3|B3). Evaluating B3|A3 by U(·) yields

U(B3|A3) =

∫∫ [
1
4u(m(y − k)−m(y)) + 1

4u(m(y − k)−m(y − k + ε̃′1))

+1
4u(m(y + ε̃1)−m(y)) + 1

4u(m(y + ε̃1)−m(y − k + ε̃′1))
]
dF (ε̃1)dF (ε̃′1)

=

∫∫ [
1
4u(−k) + 1

4u(ε̃′1) + 1
4u(ε̃1) + 1

4u(k + ε̃1 + ε̃′1)
]
dF (ε̃1)dF (ε̃′1),

where the last equality holds because of the symmetry of all ε̃i and the linearity of m(·).
Evaluating A3|B3 by U(·) delivers

U(A3|B3) =

∫∫ [
1
4u(m(y)−m(y − k)) + 1

4u(m(y)−m(y + ε̃′1))+

1
4u(m(y − k + ε̃1)−m(y − k)) + 1

4u(m(y − k + ε̃1)−m(y + ε̃′1))
]
dF (ε̃1)dF (ε̃′1)

=

∫∫ [
1
4u(k) + 1

4u(ε̃′1) + 1
4u(ε̃1) + 1

4u(−k + ε̃1 + ε̃′1)
]
dF (ε̃1)dF (ε̃′1),

where again the last equality holds because of the symmetry of all ε̃i and the linearity of m(·).
Comparing U(B3|A3) to U(A3|B3) yields

U(B3|A3) > (<,=) U(A3|B3)⇔∫∫ [
1
2u(−k) + 1

2u(k + ε̃1 + ε̃′1)
]
dF (ε̃1)dF (ε̃′1)

> (<,=)

∫∫ [
1
2u(k) + 1

2u(−k + ε̃1 + ε̃′1)
]
dF (ε̃1)dF (ε̃′1).
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From E[ε̃1] = 0 and E[ε̃′1] = 0 it follows that E[k + ε̃1 + ε̃′1] = k and E[−k + ε̃1 + ε̃′1] = −k.

With m(·) being linear it follows that M([−k; k + ε̃1 + ε̃′1]) = M([k;−k + ε̃1 + ε̃′1]). Thus, we

can state that

V (B3|A3) > (<,=) V (A3|B3)⇔ V ([−k; k + ε̃1 + ε̃′1]|[0]) > (<,=) V ([k;−k + ε̃1 + ε̃′1]|[0]),

and thus

B3|A3 � (≺,∼) A3|B3 ⇔ [−k; k + ε̃1 + ε̃′1]|[0] � (≺,∼) [k;−k + ε̃1 + ε̃′1]|[0].

Alternatively, we can also state that both gambles reduce to

[B3|A3〈A3|B3〉] |[0] = [−k; k + ε̃1 + ε̃′1]|[0] and [A3|B3〈B3|A3〉] |[0] = [k;−k + ε̃1 + ε̃′1]|[0]

when compared with each other.

Proof. [Proposition 2.14] Follows directly from Theorem 2.15.

Proof. [Theorem 2.15] In the following proof of Theorem 2.15 we again first show that

a generalization of the first part holds and then that this generalization implies both parts

of the theorem (where we use Lemma 2.16, ε̃i being symmetric with E[ε̃i] = 0 ∀i, and the

linearity of m(·)). The general part is

[Bn|An〈An|Bn〉] |[0]

=
[
Bn−2|An−2〈An−2|Bn−2〉;An−2|Bn−2〈Bn−2|An−2〉+ ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0], (2.31)

[An|Bn〈Bn|An〉] |[0]

=
[
An−2|Bn−2〈Bn−2|An−2〉;Bn−2|An−2〈An−2|Bn−2〉+ ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0]. (2.32)

To show this, note that [Bn|An〈An|Bn〉] |[0] and [An|Bn〈Bn|An〉] |[0] can be expressed as gambles

containing only Bn and An.

Bn|An = [Bn −An] |[0] and An|Bn = [An −Bn] |[0]

⇒ [Bn|An〈An|Bn〉] |[0] = [Bn −An] |[0] and [An|Bn〈Bn|An〉] |[0] = [An −Bn] |[0],

and therefore

[Bn−2|An−2〈An−2|Bn−2〉] |[0] = [Bn−2 −An−2] |[0] (2.33)

and [An−2|Bn−2〈Bn−2|An−2〉] |[0] = [An−2 −Bn−2] |[0]. (2.34)
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But [Bn|An〈An|Bn〉] |[0] and [An|Bn〈Bn|An〉] |[0] can also be expressed as gambles containing

only Bn−2 and An−2 as Bn = [An−2;Bn−2 + ε̃int(n
2

)] and An = [Bn−2;An−2 + ε̃int(n
2

)].

Bn|An =
[
An−2 −Bn−2;An−2 −An−2 + ε̃′int(n

2
)
;Bn−2 −Bn−2 + ε̃int(n

2
);

Bn−2 −An−2 + ε̃int(n
2

) + ε̃′int(n
2

)

]
|[0]

and An|Bn =
[
Bn−2 −An−2;Bn−2 −Bn−2 + ε̃′int(n

2
)
;An−2 −An−2 + ε̃int(n

2
);

An−2 −Bn−2 + ε̃int(n
2

) + ε̃′int(n
2

)

]
|[0]

⇒ [Bn|An〈An|Bn〉] |[0] =
[
An−2 −Bn−2;Bn−2 −An−2 + ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0] (2.35)

and [An|Bn〈Bn|An〉] |[0] =
[
Bn−2 −An−2;An−2 −Bn−2 + ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0], (2.36)

since ε̃int(n
2

) and ε̃′int(n
2

)
are valued equally and therefore two of the elements cancel out when

the two gambles are compared. Finally, inserting (2.33) and (2.34) into (2.35) and (2.36)

delivers (2.31) and (2.32). Part (i) of Theorem 2.15 follows directly from (2.31) and (2.32)

when we note that for n
2 /∈ N⇒ int(n2 ) = n−1

2 .

To prove part (ii) of Theorem 2.15 (n2 ∈ N) we again use (2.31) and (2.32). Suppose

n = 4, then

[B4|A4〈A4|B4〉] |[0] =
[
A2|B2〈B2|A2〉;B2|A2〈A2|B2〉+ ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0] (2.37)

and [A4|B4〈B4|A4〉] |[0] =
[
B2|A2〈A2|B2〉;A2|B2〈B2|A2〉+ ε̃int(n

2
) + ε̃′int(n

2
)

]
|[0]. (2.38)

By inserting (2.30) into (2.37) and (2.38) and canceling ε̃2 and ε̃′2 in both gambles we then

get

[B4|A4〈A4|B4〉]|[0] = [C]|[0] and [A4|B4〈B4|A4〉]|[0] = [C]|[0]. (2.39)

⇒ B4|A4 ∼ A4|B4.

Since (2.39), by the same logic it must also hold that [B6|A6〈A6|B6〉]|[0] = [C]|[0] and

[A6|B6〈B6|A6〉]|[0] = [C]|[0]. Continuing this reasoning yields

[Bn|An〈An|Bn〉]|[0] = [C]|[0] and [An|Bn〈Bn|An〉]|[0] = [C]|[0]

⇒ Bn|An ∼ An|Bn

for n
2 ∈ N and C being any arbitrary gamble.
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Chapter 3

Experimental Evidence on

Higher-Order Risk Preferences
0

3.1 Introduction

Higher-order risk preferences are crucial for economically important behavior under

risk which is not solely characterizable with the second-order preference of risk aversion.

Most prominently, the third-order preference of prudence (or downside risk aversion)

has been identified to drive precautionary savings (see e.g. Leland, 1968; Sandmo, 1970;

Kimball, 1990; or Eeckhoudt and Schlesinger, 2008), but has also been found to deter-

mine behavior in other domains, like insurance demand, auction bidding, bargaining,

prevention, rent-seeking, or monitoring.1 The fourth-order risk attitude of temperance

(or outer risk aversion) has mostly been linked to behavior under background risk (see

e.g. Kimball, 1992; Gollier and Pratt, 1996; or Eeckhoudt, Gollier, and Schlesinger,

1996), and since background risks are eminently present in everyday life, its impor-

tance is undisputed. While there is a lot of empirical field evidence on precautionary

saving (for an overview see e.g. Carroll and Kimball, 2008; or Browning and Lusardi,

0This chapter is based on joint work with Maximilian Rüger.
1Although being not necessary and sufficient as for the case of precautionary savings, prudence

has also been identified to play an important role for behavior in rent-seeking games (Treich, 2010),
auctions (Eső and White, 2004), or bargaining interactions (White, 2008). It has been further ap-
plied to problems of principal-agent monitoring (Fagart and Sinclair-Desagné, 2007), global commons
(Bramoullé and Treich, 2009), inventory management (Eeckhoudt, Gollier and Schlesinger, 1995), in-
surance demand (Fei and Schlesinger, 2008) or optimal prevention (Eeckhoudt and Gollier, 2005; or
Courbage and Rey, 2006). It has also been used in a more normative context to derive an optimal eco-
logical discount rate (Gollier, 2010) or to justify the so-called precautionary principle (Gollier, Jullien
and Treich, 2000; and Gollier and Treich, 2003).

107
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1996), experimental evidence on both derived behavior as well as direct measurement

of risk attitudes beyond risk aversion is scarce.

In this chapter we present experimental evidence on higher-order risk preferences.

More specifically, we investigate second- to fourth-order risk attitudes, and how they

relate to each other, not only when decisions can yield gains but also when they lead

to real losses. Many theories that have been proposed as alternatives to expected

utility theory (EUT) predict a substantial difference in risk preferences concerning gains

and losses. Our elicitation of higher-order risk preferences is based on the model-

independent gamble definitions of Eeckhoudt and Schlesinger (2006) and our results

are therefore not confined to EUT.

In contrast to the extensively studied concept of risk aversion, higher-order risk

preferences have only recently found their way to the experimental literature. First

indirect evidence on prudence has been provided by Ballinger, Palumbo, and Wilcox

(2003). They showed in an experiment simulating life-cycle consumption and saving

that individuals make precautionary savings, for which prudence is necessary and suffi-

cient in EUT. Kocher, Pahlke, and Trautmann (2010) observe precautionary bidding in

first-price auctions, again behavior for which prudence is necessary under the assump-

tion of EUT. Harrison, List, and Towe (2007) found in a field experiment that the risk

aversion of coin traders is significantly higher when they faced an additional background

risk. This supports the notion that temperance is present. However, experiments are

well suited not only to measure behavior associated with higher-order risk preferences,

but also to analyze whether risk preferences exhibit the hypothesized patterns.

In doing so, another strand of literature has emerged providing rather direct experi-

mental evidence on higher-order risk attitudes. Tarazona-Gomez (2004) elicits prudence

based on certainty equivalents. While her elicitation method is only valid under strong

assumptions within an EUT framework, she finds a modest amount of prudent sub-

jects. All other existing approaches apply the model-independent gamble definitions of

Eeckhoudt and Schlesinger (2006) and do therefore not require EUT. Intuitively, these

definitions can be interpreted as apportioning risks properly, and thereby provide a

compound representation of lottery choices.2 Deck and Schlesinger (2010) test whether

subjects apportion risks consistent with prudence and temperance. They find evidence

2For instance, an individual is said to be prudent if she prefers to add risk to the better rather than
worse wealth state. Likewise, an individual is said to be temperate if she prefers to add risk to the less
risky rather than more risky state. This interpretation of higher-order risk preferences stimulated the
notion of proper risk apportionment. In addition, odd-order risk attitudes can be understood not only
as a question on where to add risk, but also on where to add a sure reduction in wealth. If both risk
and sure reductions in wealth are ‘harms’, the intuitive interpretation of higher-order risk preferences
becomes an issue of where to add such harms.
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for prudence but also against temperance (i.e. intemperance). Ebert and Wiesen (2011)

test only for risk apportionment of the third order, but also find supportive evidence for

prudence. Noussair, Trautmann, and van de Kuilen (2011) examine second-to fourth-

order risk apportionment not only among student subjects, but also in a demograph-

ically representative sample. They find evidence for prudence as well as temperance.

Assuming the status quo as reference point, all these studies have in common that they

elicit preferences only in the gain domain.

Deck and Schlesinger (2010) conclude that common specifications of EUT, such

as the classes of constant relative risk-averse (CRRA) or constant absolute risk-averse

functions (CARA), are not consistent with their found combination of prudence and

intemperance. However, popular specifications of cumulative prospect theory (Tversky

and Kahneman, 1992) are consistent with both prudence and intemperance. Hence,

they interpret their findings as support of cumulative prospect theory (CPT) rather

than EUT.

Compared to EUT, one crucial difference of reference-dependent models, such as

prospect theory, is the distinct evaluation of gains and losses. In experiments, it is

usually difficult to impose losses on subjects. Most experiments endow subjects with

enough money right before they impose ‘losses’ on them. Since subjects in these ex-

periments cannot make real losses, it is hard to believe that they behave as if they

would. The problem of ‘house money’ effects in economic experiments of risky choice

is well-established since Thaler and Johnson (1990). The house money effect describes

the behavior of subjects to treat all money earned in the experiment as money to play

with. Consequently, they are willing to take risks they normally would not accept. This

problem arises in any design where subjects are endowed with a participation fee or

previous earnings and can subsequently only lose this amount of money. Therefore, the

focus of our experimental design was to inflict real monetary losses on subjects.

Bosch-Domènech and Silvestre (2006) introduced a design where subjects have to

attend two dates of the experiment. This design enabled them to impose real losses on

the second date. However, they only considered risk aversion. To our knowledge, no

experiment has been conducted so far that tests higher-order risk preferences in the do-

main of real monetary losses. In our experiment, we investigate second- to fourth-order

risk preferences over gains and losses. Subjects attended two dates of the experiment.

The purpose of the first date was to let subjects earn enough money which they pos-

sibly could lose at the second date, several weeks later. At the second date subjects

made 84 binary choices that are also based on the gamble definitions of Eeckhoudt and

Schlesinger (2006). However, while Deck and Schlesinger (2010), Ebert and Wiesen
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(2011), and Noussair, Trautmann, and van de Kuilen (2011) asked subjects where they

wanted to add ‘harms’, we rather presented the gambles in final outcomes. We chose

this design, as it is well established in the literature that in experiments subjects have

major difficulties in solving compound lotteries (see e.g. Bar-Hillel, 1973; Kahneman

and Tversky, 1979 in their discussion of the isolation effect; Bernasconi, 1994; or Fried-

man, 2005).

Our results indicate that the prevalent preference pattern exhibits risk aversion,

prudence, and temperance both at an aggregate level and on the level of the individual

subject. Third- and fourth-order risk preferences seem to be equally present as second-

order risk preferences. While our result on prudence closely resembles the results of

previous experiments, our results on temperance are in stark contrast to those of Deck

and Schlesinger (2010). Since we elicit temperance using 28 choices by each subject

while Deck and Schlesinger (2010) used only four choices by each subject, our result

provides some confidence that temperance rather than intemperance is the prevailing

preference pattern. As a consequence, we do not reject the possibility that common

specifications of EUT can be consistent with the data. This conclusion is additionally

supported by two further results of our experiment. Probably surprisingly, we find no

variation of elicited risk preferences between the domain of gains and losses. Although

this result does not speak against the concept of a reference point or loss aversion, it

indicates that the shape of the value function does not change radically at the reference

point. Furthermore, we find that risk preferences of different orders are empirically

highly correlated, another feature of common EUT specifications. In other words,

subjects who show a higher level of consistency with risk-averse behavior are also more

consistent with prudent and temperate behavior.

This chapter is structured as follows. Section 3.2 provides some theoretical pre-

requisites which are needed in order to understand what we exactly measure in our

experiment. The experimental design and the choices subjects had to make in our ex-

periment are described in Section 3.3. Subsequently, we present and discuss our results

in Section 3.4 and conclude in Section 3.5. In Appendix A we give a detailed description

of all decisions in our experiment, and our experimental instructions can be found in

Appendix B.
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3.2 Theoretical Prerequisites

In this section we outline some basic concepts and definitions that clarify what is

precisely measured in our experiment. This illustrates what is meant by stating that

individuals exhibit certain risk preferences.

Let y ∈ R be the level of wealth. Let k ∈ R (with k > 0) be a sure reduction

in wealth. ε̃1 and ε̃2 are random variables which are non-degenerate, independent of

all other random variables that affect wealth, and have E[ε̃1] = E[ε̃2] = 0. Following

Eeckhoudt and Schlesinger (2006), we can now define the following standard gambles,

where each element denotes an outcome and each outcome of a specific gamble is realized

with equal probability.3 Such defined outcomes can be either deterministic or stochastic

themselves.

B2

B3

B4

≡
≡
≡

[y]

[y − k, y + ε̃1]

[y + ε̃1, y + ε̃2]

A2

A3

A4

≡
≡
≡

[y + ε̃1]

[y, y − k + ε̃1]

[y, y + ε̃1 + ε̃2]

Intuitively, B2 vs. A2 is the comparison between a certain level of wealth and a risky

alternative with an identical mean. B3 vs. A3 is equivalent to the question whether one

prefers to add an unavoidable random variable to the higher or lower outcome. It is

also equivalent to the question whether one prefers to accept a sure reduction in wealth

in the certain or uncertain state. B4 vs. A4 can be seen as the question whether one

prefers to aggregate or disaggregate two independent random variables. Although such

a compound interpretation has the virtue of capturing the intuition of higher-order risk

apportionment, the following definition is not based on these compound characteristics.

Definition 3.1 [Eeckhoudt and Schlesinger, 2006] Individual i is

risk-averse

prudent

temperate

⇔
⇔
⇔

B2 %i A2

B3 %i A3

B4 %i A4

∀ y, ε̃1

∀ y, ε̃1, k

∀ y, ε̃1, ε̃2

(⇔ u′′i (x)

(⇔ u′′′i (x)

(⇔ u′′′′i (x)

≤ 0 in EUT models),

≥ 0 in EUT models),

≤ 0 in EUT models).

Note that these definitions are deterministic. They define preferences, which are

underlying characteristics of the subjects. There are several approaches to relate these

preferences to observations. One way to proceed would be to state that an individual

exhibits a certain risk preference only if all observed actions are in accordance with

its definition. However, then a single observation contradicting the definition would

3We defined all gambles having a mean of y if k = 0 instead of 0 as in Eeckhoudt and Schlesinger
(2006). We do so because only then gambles can completely lie in the domain of gains or losses.
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lead to a rejection of the concept. For instance, somebody who is choosing B3 over A3

in 27 out of 28 decisions, but chooses A3 once, would be termed neither prudent nor

imprudent. It becomes clear, both from our experimental results as well as from those

of Deck and Schlesinger (2010), Ebert and Wiesen (2011), and Noussair, Trautmann,

and van de Kuilen (2011) that with such a strict application of Definition 3.1, almost no

subject could be classified as having a certain risk preference. However, we think that

the concepts of risk aversion, prudence and temperance still are valuable to characterize

individuals who often but not always act according to the definitions above.

This leads us to a stochastic definition of higher-order risk attitudes, replacing

the deterministic definition. Deck and Schlesinger (2010), Ebert and Wiesen (2011),

and Noussair, Trautmann, and van de Kuilen (2011) do so implicitly when making

inferences from their results. We state these stochastic definitions explicitly in order to

clarify the concepts used to analyze the data. The notion that deterministic theories

only represent the structural part of preferences whereas the entire system of preferences

also incorporates a random or stochastic part is widespread among researchers who try

to closely match theories and empirical observations. The fact that subjects of an

experiment sometimes make different choices on the very same decision problem and

under the same conditions is only reconcilable with stochastic theories.4 In this regard,

Wilcox (2007) provides a comprehensive survey on the different variants of stochastic

utility models.

Let P i
n be the probability that individual i prefers Bn over An for a given set of

parameters. Then it follows that P i
2 is the probability that individual i chooses B2 over

A2 for given y and ε̃1. Similarly, P i
3 is the probability that individual i chooses B3 over

A3 for given y, ε̃1, and k. And finally, P i
4 is the probability that individual i chooses

B4 over A4 for given y, ε̃1, and ε̃2. Stochastic risk preferences are then defined in the

following way.

Definition 3.2 Individual i is

stochastically risk-averse (-seeking, -neutral)

stochastically prudent (imprudent, neither nor)

stochastically temperate (intemperate, neither nor)

⇔
⇔
⇔

P i
2

P i
3

P i
4

> (<,=)

> (<,=)

> (<,=)

1/2,

1/2,

1/2.

Definition 3.2 will allow us to make statements on the risk attitudes of a single

individual. Sometimes, however, we will make interpersonal comparisons. For such

4On experimental evidence on this issue see e.g. Camerer (1989), Starmer and Sugden (1989),
Ballinger and Wilcox (1997), or Loomes and Sugden (1998).
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comparisons we need a definition that allows us to order subjects in terms of the level

of consistency with a certain risk attitude.

Definition 3.3 Individual i is

stochastically more risk-averse

stochastically more prudent

stochastically more temperate

than j

than j

than j

⇔
⇔
⇔

P i
2 > P j

2

P i
3 > P j

3

P i
4 > P j

4

∀ y, ε̃1,

∀ y, ε̃1, k,

∀ y, ε̃1, ε̃2.

The definition of stochastically more risk-averse as stated in Definition 3.3 was for-

mally first stated by Hilton (1989). Recently, Wilcox (2011) extended the definition

for stochastic y. The definitions of stochastically more prudent and stochastically more

temperate were not stated explicitly before but are a straightforward extension of the

stochastically more risk-averse definition to higher orders.

It should be emphasized that the concepts of Definition 3.3 are not to be confounded

with the definitions of higher intensities of risk aversion (or parallel concepts of higher

downside and outer risk aversion). Here, we define the level of consistency with a

qualitative concept whereas in the literature on the intensities of risk preferences one is

concerned with the quantitative strength of a risk preference. Only under very specific

conditions these concepts relate to each other in a one-to-one fashion. If we allow the

non-systematic part of preferences to differ among subjects (e.g. some subjects make

more errors than others) the two measures may yield different orderings of subjects.

For instance, it is well conceivable that a subject is very confident about rejecting a

mean-preserving spread but is not willing to give up a lot in order to avoid one. Another

subject might be ready to pay a lot to avoid such a risk in principle but has not thought

about such decisions much and is therefore prone to make many mistakes.

Definitions 3.2 and 3.3 are still in terms of underlying characteristics of an indi-

vidual. However, using our observations, we can make statistical inferences on these

unknown characteristics of the subjects. When labeling a subject as risk averse, prudent

or temperate in the subsequent analysis we imply these stochastic definitions.

3.3 The Experiment

The experiment was divided into two distinct dates for each subject. This was

necessary in order to induce real monetary losses. Institutional restraints ruled out that

in a single date-experiment subjects could make real monetary losses not compensated

by any fixed payment such as the participation fee. However, by dividing the experiment

into two dates we were able to induce real monetary losses at the second date.
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At the first date everybody made real monetary gains. These gains were the lower

bound of losses we could inflict at the second date. By letting the second date be

separated from the first date by several weeks, it seems likely that the gains of the

first date were internalized by the subjects. Furthermore, the first date demanded the

completion of real tasks by the subjects. The real gains of the first task thus were likely

perceived as rightfully earned and not as house money to gamble with at the second date.

It is therefore reasonable to assume that the status quo prior to the second date is the

relevant reference point for decisions made during the second date. A similar approach

to inflict real monetary losses was employed by Bosch-Domènech and Silvestre (2006).

They restricted their experiment to the elicitation of risk aversion. Our results for risk

aversion resemble their results closely, but higher-order risk preferences in the domain

of real monetary losses have, to our knowledge, not been investigated before.

Both dates of the computer-based experiment were conducted at the MELESSA

laboratory of the University of Munich. Subjects (graduate students were excluded)

were recruited using the software ORSEE by Greiner (2004). At both dates subjects

first received written instructions that were read privately by them. Then, they an-

swered control questions ensuring comprehension of the instructions. There was no

time limit for the instructions and subjects had the opportunity to ask questions in

private. The experiment started on the computer screen only after everybody had

answered the control questions correctly and there were no further questions. All ques-

tions in the experiment were displayed and answered through a computer interface.

The interfaces were programmed using the z-Tree software of Fischbacher (2007). All

random processes that determined the monetary outcomes were realized through the

drawings of numbered balls from urns by the subjects themselves.5 The two dates of

our experiment are further explained below.

3.3.1 First Date

72 subjects participated at the first date of the experiment, which took place on

November 25, 2008. In each of the three sessions 24 subjects participated. They were

randomly assigned to seats. The first task subjects conducted was to fill out tables

measuring intensities of risk preferences. These tables are not analyzed in this chapter.

However, it is of importance that the subjects carried out a meaningful task, so that

the payment at the end of the first date are interpreted as rightfully earned and are not

5We chose not to let the randomization be done by a computer because we agree with Harrison
and Rutsröm (2008, p133): “In our experience subjects are suspicious of randomization generated by
computers. Given the propensity of many experimenters in other disciplines to engage in deception,
we avoid computer randomization whenever feasible.”
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perceived as ‘windfall gains’ by the subjects. After filling out the tables, subjects further

answered a detailed questionnaire on personal characteristics. The most important

feature of the first date for the present analysis is that subjects received payments

between 23.30 and 29.20 euros. These were payed out in cash, in private, and not

by the experimenters. The payments at the first date include both the participation

fee for the first and for the second date of the experiment. Answering the tasks and

the questionnaire, drawing balls from urns, and paying participants took around 60

minutes.

3.3.2 Second Date

The second date took place exactly three weeks after the first date, on December

16, 2008, in the same room as the first date, and with an equal time duration. Again,

subjects were randomly assigned to seats. 67 participants (93%) showed up at the

second date. The five subjects who did not show up at the second date could in

principle have decided not to show up because of fundamentally different risk preferences

compared with the other participants. However, we have detailed information on the

subjects to check whether this is the case. First, we have the detailed answers to the

questionnaires and second, we have the responses to the tables eliciting the intensities

of risk preferences. We found no systematic differences in the answers of those subjects

participating only at the first date.

Each subject made 84 choices at the second date of the experiment. Each choice was

a binary decision between two options, called option A and option B. The framing of

these choices was always in final outcomes. That is, each option was represented only by

the final outcomes that could result if the option was played out. For a given decision,

all stated outcomes of a decision were realized with equal probability. Thus, a gamble

can be fully represented by the outcomes without stating probabilities separately. In

the instructions, the options were described in a way that even subjects who are not

familiar with the basic notions of probabilities could understand how the outcome was

determined. Only the comprehension that each ball was equally likely to be drawn from

an urn was needed. To assist those subjects who are more familiar with representations

in terms of probabilities we provided additionally an alternative explanation. The order

of appearance of the 84 decisions was randomly chosen for each of the three sessions,

hence we can test whether the order of appearance influences results.

A key feature of the decisions was that their outcomes lie either in the domain

of gains, in the domain of losses or in a mixed domain including both. We classify a

decision as being a decision in gains if all final outcomes that can potentially occur
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regardless of the actual choice have positive values. Likewise, we define decisions as

being in losses if all outcomes have negative values. We define a decision as being over

a mixed domain if both positive and negative outcome values can occur.

28 of the 84 decisions were designed to elicit risk aversion. With ε̃1 = [−ε1, ε1] the

definition of risk aversion becomes

B2 = [y] = [y, y] % [y − ε1, y + ε1] = [y + ε̃1] = A2

In order to make both B2 and A2 more comparable in terms of complexity we displayed

B2 also as a two-outcome of equal probability gamble, and therefore chose the repre-

sentation B2 = [y, y]. Table 3.6 in Appendix A describes the 28 gambles to elicit risk

aversion both in terms of chosen parameters (y and ε1) and in terms of final outcomes

displayed (A1, A2, B1 and B2). The values of y were drawn from the range of -10 to

62 euros, and y also equals the expected value of both B2 and A2. The values of ε1

were drawn from the range of 2 to 32 euros, and ε1 is also the standard deviation of A2.

This leads to final outcomes in the range of -12 to 79 euros. Column 8 of Table 3.6 in

Appendix A states whether the decision lies in the domain of gains, losses, or in mixed

domains (indicated by a G, L, or M, respectively). A decision eliciting risk aversion is

in gains if y− ε1 > 0, in losses if y+ ε1 < 0, and in mixed domains if neither is the case.

Of the 28 decisions to elicit risk aversion, 13 were in gains, seven in losses, and eight

in mixed domains. Table 3.6 in Appendix A further displays the order of appearance

of the respective decision in the three sessions (in columns 9, 10, and 11). The last

column of Table 3.6 in Appendix A shows the percentage of risk-averse choices for each

of the 28 decisions.

Another 28 of the 84 decisions were designed to elicit prudence. With ε̃1 = [−ε1, ε1]

the definition of prudence can be stated as

B3 = [y − k, y + ε̃1] = [y − k, y − k, y − ε1, y + ε1]

% [y, y, y − k − ε1, y − k + ε1] = [y, y − k + ε̃1] = A3

Table 3.7 in Appendix A describes the 28 gambles to elicit prudence in terms of pa-

rameters (y, k, and ε1) and in terms of final outcomes (A1 - A4, and B1 - B4) which

were actually displayed to the subjects. y was drawn from the range of -8 to 67 euros,

k from the range of 2 to 15 euros, and ε1 from the range of 2 to 21 euros. The expected

value of both B3 and A3 is y − k/2 and ranges from -10 to 61.50 euros. The standard

deviation of both B3 and A3 is ε1/2 and ranges from 1 to 10.50 euros. This leads to

final outcomes in the range of -12 to 72 euros. Column 13 of Table 3.7 in Appendix
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A states whether the decision lies in the domain of gains, losses, or in mixed domains.

Decisions eliciting prudence are in gains if y − k − ε1 > 0, in losses if y + ε1 < 0, and

in mixed domains if neither is the case. Of the 28 decisions to elicit prudence ten were

in gains, seven in losses, and eleven were in mixed domains. Columns 14, 15, and 16

of Table 3.7 in Appendix A show the orders of appearance of the respective decision

in the three sessions, and the last column shows the percentage of prudent choices for

each decision.

Finally, 28 of the decisions were used to elicit temperance. With ε̃1 = [−ε1, ε1] and

ε̃2 = [−ε2, ε2] the definition of temperance can be stated as

B4 = [y + ε̃1, y + ε̃2] = [y − ε1, y + ε1, y − ε2, y + ε2]

= [y − ε1, y − ε1, y + ε1, y + ε1, y − ε2, y − ε2, y + ε2, y + ε2]

% [y, y, y, y, y − ε1 − ε2, y − ε1 + ε2, y + ε1 − ε2, y + ε1 + ε2]

= [y, y + ε̃1 + ε̃2] = A4

We again used the representation of [y−ε1, y−ε1, y+ε1, y+ε1, y−ε2, y−ε2, y+ε2, y+ε2]

for B4 in order to make B4 and A4 gambles with an equal number of outcomes and thus

to make them similarly complex. Table 3.8 in Appendix A describes the 28 gambles to

elicit temperance in terms of parameters (y, ε1, and ε2) and in terms of displayed final

outcomes (A1 - A8, and B1 - B8). y was drawn from the range of -8 to 62 euros and

it also equals the expected value of B4 and A4. The values for ε1 were drawn from the

range of 2 to 22 euros, and those of ε2 from the range of 2 to 12 euros. Without loss of

generality we chose ε1 ≥ ε2. The standard deviation of B4 and A4 is
√

(ε2
1 + ε2

2)/2 and

ranges from 2 to
√

246.5 ≈ 15.70 euros. As a consequence, the final outcomes range

from -12 to 84 euros. Again, the subsequent column states whether the decision lies in

the domain of gains, losses, or in mixed domains. A decision eliciting temperance is in

gains if y − ε1 − ε2 > 0, in losses if y + ε1 + ε2 < 0, and in mixed domains if neither is

the case. Of the 28 decisions to elicit temperance ten were in gains, seven in losses, and

eleven in mixed domains. Also displayed are the orders of appearance of the respective

decision in the three sessions and the percentage of temperate choices for each decision.

3.4 Results

In total, we observed 5628 binary choices that can be used in our empirical analysis,

84 choices for each of the 67 subjects. In the following, we first analyze aggregate choices

which treats all choices as independent events. This gives us a first general view of the
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results. However, it neglects the fact that subsets of 84 choices each are the actions of a

single individual. We therefore focus in the remaining part of this section on a within-

subject analysis. The potential of an actual within-subject analysis is the benefit we

receive (compared to other related experiments) in exchange for having subjects exposed

to answer 84 decisions. Our within-subject analysis proceeds in three steps. We first

investigate whether risk preferences are influenced by the domain where we distinguish

between the gain, loss, and mixed domain (includes potential gains and losses). Then,

we look at the sign of subjects’ risk preferences for each order separately. And finally, we

shed light on the relations of the qualitative strengths or consistency of risk preferences

across orders. A robustness analysis and a discussion on the predictive power of CPT

and EUT is provided at the end of this section.

3.4.1 Pooling Subjects

Table 3.1 outlines our results if we pool all subjects. The second column of Table 3.1

states in how many decisions Bn was chosen over An for each n = 2, 3, 4. In this column

no distinction between the decisions were made other than whether they were designed

to elicit risk aversion, prudence, or temperance. The hypothesis that the probability of

making a risk-averse choice in a second-order decision, a prudent choice in a third-order

decision, or a temperate choice in a fourth-order decision is equal or lower than 1/2 is

rejected by binomial tests at the 1%-level for all three tests (p = 0.0000; N = 1876).

Table 3.1: Descriptive Results when Pooling Subjects

Choices Across Within Within In Mixed

Eliciting Domains Gains Losses Gambles

Risk Aversion 56 % 55 % 57 % 57 %

(N) (1876) (871) (469) (536)

Prudence 56 % 60 % 55 % 52 %

(N) (1876) (670) (469) (737)

Temperance 56 % 58 % 54 % 56 %

(N) (1876) (670) (469) (737)

In decisions eliciting third-order risk preferences, 56% of the choices are in favor

of the prudent choice, that is B3 was preferred over A3. Deck and Schlesinger (2010),

Ebert and Wiesen (2011), and Noussair, Trautmann, and van de Kuilen (2011) also

observed a majority of prudent choices. At first glance their results indicate a higher

consistency with the concept of prudence since they found 61% (in Deck and Schlesinger,

2010), 65% (in Ebert and Wiesen, 2011), and 69% (in Noussair, Trautmann, and van
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de Kuilen, 2011) of choices in favor of the prudent alternative. Note, however, that in

their experiments subjects could only make real monetary gains. The result which is

best comparable to their analysis is therefore reported in the third column of Table 3.1.

Here, we find that 60% of choices in gains are in favor of the prudent choice, which is

closer to the results of the other experiments.

In decisions eliciting fourth-order risk attitudes, 56% of the choices are in favor of

the temperate choice. This stands in contrast to the results of Deck and Schlesinger

(2010). They report that only 38% of the choices favor the temperate choice and

conclude that individuals are on average intemperate. In their experiment, only four

decisions for each subject elicited temperance. Noussair, Trautmann, and van de Kuilen

(2011) used five decisions for each subject and found that 60% of the choices were

temperate. Our result on temperance, based on 28 decisions for each subject, adds

confidence that the prevalent choice pattern indeed exhibits temperance. There are two

reasons why we expect this result to be robust. First, our design was in final outcomes

only and thus could be very easily understood by subjects and second, our analysis

of temperance rests on 1876 observations while Deck and Schlesinger (2010) only used

396 observations to elicit temperance. This result could have strong consequences since

the results of Deck and Schlesinger (2010) on intemperance led them to conclude that

CPT better explains data on higher-order risk attitudes than EUT with CRRA or

CARA functions. When choosing only temperate choices in gains as the appropriate

comparison to the results of Deck and Schlesinger (2010) the gap between our and their

result even broadens by two percentage points.

A striking feature of the results in Table 3.1 is the fact that the percentage of risk-

averse over risk-seeking, of prudent over imprudent, and of temperate over intemperate

choices are so close that they all are rounded to 56% (the more exact percentages are

56.24% risk-averse, 55.70% prudent, and 56.02% temperate choices).6 Later, we will

explore whether this stems from the fact that the same individuals who are risk averse,

are also prudent and temperate. But it already indicates that third- and fourth-order

risk preferences are equally present as second-order risk preferences among subjects.

Based on these first results we can summarize the following. If we would accept the

assumptions that individuals are homogeneous and observations are independent, we

could state with a high degree of confidence that the behavior of the representative sub-

ject exhibits stochastic risk aversion, stochastic prudence, and stochastic temperance.

6If we compute the 90% confidence intervals of the underlying population percentages we receive
54.14%-58.14%, 53.78%-57.61%, and 54.11%-57.93%, respectively. The fact that these intervals widely
overlap again highlights the possibility that the underlying percentage of choosing the ‘averse’ option
may well be equal or very close for different orders.
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This first picture, however, is based on risk preferences across domains. Columns 3 to 5

of Table 3.1 state for each domain separately in how many decisions Bn was chosen over

An (for each n = 2, 3, 4). Choices eliciting risk aversion are very homogeneous across

domains. Also, choices eliciting temperance do not show much variation. Only choices

eliciting prudence seem to slightly depend on the domain they lie in. We will make

more precise statements in the following section which explores the relations of higher-

order risk preferences within different domains in more detail. For each of the nine cells

distinguishing domains in Table 3.1, we conduct a binomial test to determine whether

our observed pattern across domains can also be observed within different domains. For

all these nine cells, i.e. for all domains and orders, we can reject the hypothesis that

the underlying probability of choosing Bn is equal or below 1/2 (with one marginally

insignificant exception for prudence in mixed domains).7 Based on all twelve binomial

tests, we can now formulate our first result.

Result 3.1 Aggregated choices over all subjects represent stochastic risk aversion, pru-

dence, and temperance not only across domains but also within the gain, loss, and mixed

domain.

While Result 3.1 is based on pooling subjects, the remaining results are based on

a within-subject analysis.

3.4.2 Comparing Domains

We now examine the question whether risk preferences differ according to the do-

main the gambles are defined over: gains, losses, or mixed domains. This is of interest

because domain-specific risk preferences are a key feature of many non-EUT models,

including CPT. For each subject, we compare how often Bn was chosen across different

domains, separately for each n.

We start our analysis with risk aversion. Since every subject answered all 28 ques-

tions eliciting risk aversion we can use two-sided Wilcoxon signed-rank tests in order to

test the null hypothesis that the underlying distribution of risk aversion is the same in

the domain to the left of a cell than in the domain above the cell in Table 3.2. We find

no pairwise comparison of domains where we can reject the null at a 10%-significance

7The corresponding p-values and number of independent observations N of the one-sided binomial
tests are the following: p = 0.0014, N = 871 for risk aversion/gains; p = 0.0000, N = 670 for pru-
dence/gains; p = 0.0000, N = 670 for temperance/gains; p = 0.0008, N = 469 for risk aversion/losses;
p = 0.0104, N = 469 for prudence/losses; p = 0.0697, N = 871 for temperance/losses; p = 0.0006,
N = 536 for risk aversion/mixed; p = 0.1052, N = 737 for prudence/mixed; and p = 0.0010, N = 737
for temperance/mixed.
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Table 3.2: Wilcoxon Signed-Rank Tests: Does Risk Aversion Depend on Domains?

p-value
z-statistic Mixed

(N)
0.6482

Losses 0.456
(67)

0.1822 0.4095
Gains -1.334 -0.825

(67) (67)

level. The literature on prospect theory found in numerous experiments that individu-

als are risk-seeking in losses. However, these conclusions were predominantly based on

experiments with hypothetical choices or subject to house-money effects. In contrast,

the experiment of Bosch-Domènech and Silvestre (2006) finds a similar pattern as we

do, subjects are risk-averse for (sufficiently large) losses. Since they also inflict real

monetary losses on subjects, this feature seems to be driving our probably surprising

result.

Table 3.3: Wilcoxon Signed-Rank Tests: Does Prudence Depend on Domains?

p-value
z-statistic Mixed

(N)
0.4860

Losses 0.697
(67)

0.1981 0.0176
Gains 1.287 2.374

(67) (67)

Table 3.3 reports the results of two-sided Wilcoxon signed-rank tests for the dis-

tribution of prudence in different domains. The only statistically significant effect of

domains on any measure of risk preferences is found for prudence, between the distri-

butions of prudence in the gain and in the mixed domain. This confirms our conjecture

from the descriptive results of Table 3.1, which already indicated less prudence in the

mixed than in the gain domain. In contrast, it cannot be rejected that the distributions

of prudence in gains and in losses are identical. Neither can the hypothesis be rejected

that the distributions in the loss and in the mixed domain are identical.

Last, Table 3.4 displays two-sided Wilcoxon signed-rank test results for the distri-

bution of temperance across domains. Similar to the analysis of risk aversion, we cannot

reject the hypothesis that the underlying distributions of fourth-order risk preferences

in different domains are identical. To summarize, we do not find that higher-order



122 CHAPTER 3. EVIDENCE ON HIGHER-ORDER PREFERENCES

Table 3.4: Wilcoxon Signed-Rank Tests: Does Temperance Depend on Domains?

p-value
z-statistic Mixed

(N)
0.3834

Losses -0.872
(67)

0.1507 0.6260
Gains 1.437 0.487

(67) (67)

risk preferences in the loss domain are any different than in the gain domain. Also,

risk preferences in the mixed domain do not differ from those in one of the two pure

domains, with the exception prudence in the gain vs. mixed domain.

Result 3.2 Risk preferences of any order seem not to depend on the domain. Subjects

have the same stochastic risk preference in the loss and in the gain domain. Those who

are stochastically more risk-averse (prudent, temperate) in the gain domain are also

stochastically more risk-averse (prudent, temperate) in the loss domain.

Although being consistent with EUT, Result 3.2 should by no means be interpreted

as a rejection of the general concept of a reference point. The concept of loss aversion is

not systematically testable in our experimental design.8 Also, we are not in a position

to test whether the strength of risk preferences depends on the distance of outcomes to

a reference point. What we can conclude is that the direction of the qualitative concepts

of risk aversion, prudence and temperance seems not to depend on the domain of the

decision. Therefore, the functional form of the value function seems not to change

radically at the reference point.

Note that Result 3.2 makes no statement about the sign of risk preferences. Being

stochastically more risk-averse (prudent, temperate) is equivalent to being stochasti-

cally less risk-seeking (imprudent, intemperate). Next, we focus on the sign of risk

preferences.

3.4.3 Comparing Subjects

While Table 3.1 already showed how aggregated choices represent risk aversion,

prudence, and temperance, Figures 3.1, 3.2, and 3.3 rather present these results on the

8If we examine the second-order decisions over the mixed domain, we find some indications that
loss aversion is present. Subjects choose B2 noticeably more often (65 % versus 50%) if this choice
provides a sure gain (decisions 21 and 26) than if this choice leads to a sure loss (decisions 2 and 22).
However, the number of decisions is too small to allow for a detailed formal analysis.
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level of the individual subject. Based on Result 3.2, we do not distinguish between the

gain, loss, and mixed domain but only between orders of risk preferences. We count how

often each individual chooses Bn over An for each n and show the relative frequencies

of subjects with a certain number of risk-averse, prudent, and temperate choices. The

dark distributions in Figures 3.1, 3.2, and 3.3 show the empirical frequency distributions

of the respective number of risk-averse, prudent, and temperate choices made by the

subjects. The light distributions show the frequency distributions that would have

occurred if every subject had chosen randomly between Bn and An. This would also

have been the distribution if every subject had been stochastically risk neutral, since

this is equivalent to the behavior of choosing Bn with a probability of 1/2.

Figure 3.1: Characterizing Subjects: Risk Aversion

Concerning second-order risk preferences, the empirical distribution in Figure 3.1

does clearly not follow random behavior.9 The median of the empirical distribution

(17 risk-averse choices) is above the median of the random distribution (14 risk-averse

choices). More subjects are located in the right tail than in the left tail of the empirical

distribution. This indicates risk aversion. In order to see how many subjects are in

fact risk-averse, we can classify them using binomial tests. For each subject, it is tested

whether her probability of choosing B2 is equal or lower than 1/2. Likewise, in order

to classify risk-seeking subjects, it is tested whether the probability of choosing A2 is

equal or lower than 1/2. Then, subjects choosing B2 in 0-10 out of 28 decisions are

risk-seeking and those choosing B2 in 18-28 out of 28 decisions are risk-averse. The

9We can reject that the two distributions are equal with a two-sided Kolmogorov-Smirnov test
(p = 0.017; D = 0.3793; N = 58). We can further reject that the empirical distribution follows a
normal distribution with a two-sided Shapiro-Wilk test (p = 0.0617; W = 0.9319; N = 29).
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remaining subjects, those who choose B2 in 11-17 out of 28 decisions, stay unclassified

and cannot be distinguished from choosing randomly.10 We find that 42% of the subjects

can be classified as risk-averse and only 24% as risk-seeking. The remaining 34% cannot

be distinguished from behaving randomly. Therefore, the number of subjects who are

risk-averse is almost twice as high as the number of risk-seeking subjects.

Figure 3.2: Characterizing Subjects: Prudence

Figure 3.2 shows our results for third-order risk preferences. As before, the two

distributions are distinct.11 The median of the empirical distribution is again higher

in the actual distribution (15 prudent choices) and the right tail is fatter than the left

tail. This means subjects tend to be prudent. When performing the same classification

as for second-order risk preferences, we find that 33% of all subjects are prudent, 15%

are imprudent, and 52% cannot be distinguished from random behavior. Similar as

with risk aversion, more than twice as many subjects can be classified as being prudent

rather than imprudent. Ebert and Wiesen (2011) use a comparable classification and

find that 47% are prudent, 8% are imprudent, and 45% remain unclassified for the 16

decisions subjects made in their experiment. Deck and Schlesinger (2010) analyze only

six decisions and a comparable classification would yield 14% prudent, 2% imprudent,

and 84% unclassified subjects. Moreover, a comparable classification based on five

prudent decisions in Noussair, Trautmann, and van de Kuilen (2011) would show that

approximately 45% are prudent, 13% are imprudent, and 42% cannot be distinguished

10This classification implements a one-sided binomial test at the 10%-significance level.
11We can reject the null hypothesis that subjects were choosing randomly in favor of the one-

sided alternative that subjects are prudent with a Kolmogorov-Smirnov test (p = 0.077; D = 0.2759;
N = 58). Also, we can again reject that the empirical distribution follows a normal distribution with
a two-sided Shapiro-Wilk test (p = 0.0091; W = 0.8987; N = 29).
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from being neither prudent nor imprudent.12 So, our within-subject result on prudence

seems to be in line with existing evidence.13

Figure 3.3: Characterizing Subjects: Temperance

Finally, Figure 3.3 shows the results of temperate choices against the distribution

that would occur under random behavior. It shows that individuals tend to be temper-

ate, the median individual chooses 15 times the temperate option. The left tail has only

slightly more mass than what would be predicted under random behavior, indicating

that the share of subjects who are clearly intemperate is very low. In contrast, the right

tail of the distribution has significantly more mass than under the random distribution.14

A classification of subjects shows that 36% are temperate, 15% are intemperate, and

49% remain unclassified. More than twice as many subjects are therefore temperate

rather than intemperate. A comparable classification of fourth-order risk preferences

with the data of Deck and Schlesinger (2010) yields the opposite pattern. Here, only

6% are temperate while 21% of the subjects are intemperate. The remaining 73% can-

12Noussair, Trautmann, and van de Kuilen (2011) do not provide exact data on this and these
approximations are therefore inferred from the graphs displaying the empirical distribution over the
five choices subjects made.

13When comparing our empirical third-order distribution with the ones of Deck and Schlesinger
(2010), Ebert and Wiesen (2011), and Noussair, Trautmann, and van de Kuilen (2011), it can be
observed that they share central features. The empirical medians are above the medians of the random
distributions (4 vs. 3 prudent choices in Deck and Schlesinger, 2010; 11 vs. 8 prudent choices in Ebert
and Wiesen, 2011; and 4 vs. 2 or 3 prudent choices in Noussair, Trautmann, and van de Kuilen, 2011)
and more mass is in the right tail of their empirical distributions than in a random counterpart.

14A two-sided Kolmogorov-Smirnov test for equality of the two distributions yields a clear rejection
(p = 0.038; D = 0.3448; N = 58). Furthermore, the empirical distribution does not follow a normal
distribution when tested with a two-sided Shapiro-Wilk test (p = 0.0028; W = 0.9185; N = 29).
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not be distinguished from random behavior in a classification based on four temperate

choices subjects made in their experiment.

While the empirical distribution in Figure 3.3 might not look surprising when com-

pared with the empirical distributions of risk aversion (Figure 3.1) and prudence (Figure

3.2), it is very different from the results of Deck and Schlesinger (2010). The empirical

distribution of Deck and Schlesinger (2010) is skewed to the right, while ours is skewed

to the left. Deck and Schlesinger (2010) conclude that subjects must be intemperate.15

They deduce that conventional functional forms of EUT are not reconcilable with indi-

viduals being intemperate. Based on our data on temperance, we come to a different

conclusion. Since we elicited 28 decisions for each subject whereas Deck and Schlesinger

(2010) elicited only four, we are confident that our result on temperance is robust.

Although being also based on only five temperate choices, the results of Nous-

sair, Trautmann, and van de Kuilen (2011) provide further confidence for our result on

fourth-order risk preferences. A comparable classification with their data would show

that approximately 34% are temperate, 15% are intemperate, and 51% cannot be dis-

tinguished from being neither temperate nor intemperate.16 Also, the median of their

empirical distribution is not lower than under random behavior (3 vs. 2 or 3 temperate

choices) and it has more mass in the right tail.

Result 3.3 Of those subjects that can be distinguished from random behavior, approxi-

mately twice as many are stochastically risk-averse, prudent, and temperate rather than

stochastically risk-seeking, imprudent, and intemperate.

Result 3.3 complements Result 3.1 and highlights that the prevalent pattern of risk

preferences satisfies risk aversion, prudence, and temperance also on a within-subject

level.

3.4.4 Relating Risk Preferences of Different Order

Having identified the sign of risk preferences, we now turn to the question what

the relations of these higher-order risk preferences are. Already our observation that

aggregate accounts of different higher-order risk preferences closely resemble each other

(see Table 3.1) posed the question of how tightly risk preferences of different orders are

15Whether the exact median of their observed data equals one or two temperate choices (versus a
median of two choices under the random distribution) is not inferable from their reported data. They
report that 50% of subjects made either no or a single temperate choice. Since they analyze 99 subjects
the median has to be either one or two choices.

16These classifications are again approximations based the graphs displaying the empirical distri-
bution over the five choices subjects made.
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in fact related. Based on Result 3.2 we do again not distinguish between decisions in

gains, in losses, and in the mixed domain. We can conduct a within subject analysis of

this question, since we can link the decisions of a single subject on different orders. The

relation of risk preferences of different orders is of interest because it indicates whether

the elicited risk preferences of one order can be a good predictor for risk preferences

of a different order. This has been a standard procedure in many empirical studies on

precautionary saving. In this literature, measures of risk aversion are used to predict

within common EUT models the amount of prudence, and subsequently the presumable

optimal levels of precautionary savings.17

Figure 3.4: Relation of Risk Aversion and Prudence

Figure 3.4 illustrates whether the same subjects that are risk-averse also are pru-

dent. We map each subjects’ relative frequency of risk-averse and prudent choices.

Each small point represents a single individual and each larger point represents two

individuals who share exactly the same pattern. There is a clear positive relation be-

tween the frequencies of risk-averse and prudent choices. The straight line represents a

least squares regression line. It has the functional form Y = 0.2758 + 0.5144 ·X, where

X represents the relative frequency of prudent choices and Y the relative frequency of

risk averse choices. The coefficient of determination of the regression line is R2 = 0.193

and the Spearman rank order correlation coefficient is ρ = 0.4948 (p = 0.000; N = 67).

17For a survey article discussing this approach and its results, see Carroll and Kimball (2008).
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It shows that there exists a considerable positive and significant relation between risk

aversion and prudence.

Figure 3.5: Relation of Risk Aversion and Temperance

Figure 3.5 illustrates a similar relation for risk aversion and temperance. Again,

each small point represents a single individual and each larger point represents two

individuals. The positive relation between the frequency of risk aversion and prudence

is even more eminent. The least squares regression line is Y = 0.0547+0.9062 ·X, where

X represents the relative frequency of temperate choices and Y the relative frequency of

risk-averse choices (with R2 = 0.5391). The Spearman rank order correlation coefficient

is ρ = 0.6853, and if we test whether ρ is not different from 0 we can again reject this

at the 1%-significance level (p = 0.0000; N = 67). This shows that there is a very

strong relation between the degree of consistency of risk aversion and temperance for

an individual.

Finally, Figure 3.6 relates prudence and temperance. In this diagram there are not

two but three sizes of data points. Each small point is the representation of a single

individual, each medium sized point that of two, and each largest sized point that of

three individuals. The least squares regression line is Y = 0.2221 + 0.5978 ·X, where X

represents the relative frequency of temperate choices and Y the relative frequency of

prudent choices (with R2 = 0.3216). The Spearman rank order correlation coefficient is

ρ = 0.6795 (p = 0.0000; N = 67). The relationship between prudence and temperance
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Figure 3.6: Relation of Prudence and Temperance

is almost as strong as the one between risk aversion and temperance, and stronger than

the one between risk aversion and prudence.

Observing such a high degree of correlation between risk preferences of different

orders18 raises the question whether risk preferences of different orders might be drawn

from the same distribution. Therefore, we now analyze whether they are statistically

distinct. Since we have a frequency of risk-averse, prudent, and temperate choices for

every single individual we can employ two-sided Wilcoxon signed-rank tests to compare

a pair of two orders of risk preferences. We report the results in Table 3.5. The null

hypothesis is that the underlying distribution of the risk preference to the left of a cell

and the underlying distribution of the risk preference above the cell are identical.

All p-values in Table 3.5 are very far from any customary significance level. Hence,

we clearly cannot reject the null hypothesis that the distributions of risk preferences of

different orders are identical. This means that subjects are equally stochastically risk-

averse as prudent, equally stochastically risk-averse as temperate, and equally stochas-

tically prudent as temperate. In other words, subjects who are stochastically more

risk-averse (or less risk-seeking) are also stochastically more prudent (or less impru-

dent), with the same relation holding for the other two comparisons.

18Noussair, Trautmann, and van de Kuilen (2011) also investigate correlations between second- to
fourth-order risk preferences and find significant Spearman rank order correlation coefficients of about
half the size we find.
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Table 3.5: Wilcoxon Signed-Rank Tests: Relations of Risk Preferences Across Orders

p-value
z-statistic Temperance

(N)
0.3600

Prudence -0.915
(67)

0.9253 0.9054
Risk Aversion 0.094 0.119

(67) (67)

Result 3.4 There is a high correlation between risk preferences of different orders.

Subjects who are stochastically more risk-averse are also stochastically more prudent

and temperate. And subjects who are stochastically more prudent are also stochastically

more temperate.

Note that our definition of stochastically more risk-averse, prudent, or temperate

(see Definition 3.3) does not distinguish whether subjects are stochastically risk-averse,

prudent, or temperate or whether they are stochastically risk-seeking, imprudent, or

intemperate (see Definition 3.2). Similar to Result 3.2, Result 3.4 therefore describes the

qualitative strength or consistency of risk preferences. Here, stochastically more risk-

averse, prudent, and temperate is equivalent to being stochastically less risk-seeking,

imprudent, and intemperate.

3.4.5 Robustness

As a robustness analysis of our previous results, we now investigate whether the

sequence in which the decision problems were displayed and answered by the subjects

had any effect. In the three sessions we conducted the decisions were displayed in

different sequences, but all determined by a random process. Therefore, we approach

this question by analyzing whether the pattern of answers differs between the three

sessions. In doing so, we perform two-sided Kolmogorov-Smirnov tests for equality of

distribution functions. For each order of risk preferences we compare answers of sessions

1, 2, and 3 to determine whether the probability of choosing the ‘averse’ option differs

across sessions.

With respect to risk aversion, a majority of choices in all sessions was in favor

of the risk-averse option (61% in session 1, 52% in session 2, and 55% in session 3).

We cannot reject the null hypothesis that the underlying probability of choosing the

risk-averse choice is identical in any of the session comparisons at the 5%-significance
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level.19 When looking at prudent decisions, we again observe that a majority of choices

was in favor of the prudent option in all sessions (54% in session 1, 60% in session 2, and

54% in session 3). None of the session comparisons yields a rejection at any customary

significance level of the null hypothesis that probabilities of choosing the prudent option

are identical across sessions.20 Finally, we test the robustness of temperance elicitation

with respect to sequence effects. In all sessions, a majority of choices was in favor of

the temperate option (56% in session 1, 58% in session 2, and 54% in session 3) Again,

neither of the three two-sided Kolmogorov-Smirnov tests indicates that the hypothesis

of identical distributions can be rejected.21

3.4.6 Cumulative Prospect Theory

We now examine whether CPT can be a better predictor of higher-order risk pref-

erences than EUT with a commonly used utility function.22 This is a key conclusion,

Deck and Schlesinger (2010) draw from their experiment. They use the parametrization

of Tversky and Kahneman (1992) and assume that the reference point is equal to the

mean of the alternatives in a specific decision. With these assumptions, the predictions

of CPT over the decisions of their experiment is that subjects will always prefer the

prudent choice and will always prefer the intemperate choice. EUT with a commonly

used utility function predicts that subjects choose always the prudent and the temper-

ate choice. In all six decisions eliciting third-order risk preferences in the experiment of

Deck and Schlesinger (2010), more subjects preferred the prudent choice and in all four

decisions eliciting fourth-order risk preferences more subjects preferred the intemperate

choice. Therefore, while both CPT and EUT predict prudence correctly, the finding of

intemperance is only predicted by CPT.

19The corresponding results are p = 0.387, D = 0.2727, N = 44 for session 1 vs. session 3; p = 0.251,
D = 0.2866, N = 45 for session 2 vs. session 3; and p = 0.061, D = 0.3755, N = 45 for session 1 vs.
session 2. Thus, at the 10%-significance level, the only significant result is obtained for the comparison
of session 1 vs. session 2. This is, however, the only significant comparison at the 10%-significance
level out of nine tests, and we therefore do not derive any conclusions from this.

20The corresponding results are p = 0.842, D = 0.1818, N = 44 for session 1 vs. session 3; p = 0.954,
D = 0.1364, N = 45 for session 2 vs. session 3; and p = 0.313, D = 0.2727, N = 45 for session 1 vs.
session 2.

21The corresponding results are p = 0.632, D = 0.1818, N = 44 for session 1 vs. session 3; p = 0.194,
D = 0.2984, N = 45 for session 2 vs. session 3; and p = 0.854, D = 0.1621, N = 45 for session 1
vs. session 2. One may be puzzled by the test results between session 1 vs. session 3 for third- and
fourth-order risk preferences. They yield the same D-statistic and are based on the same sample size,
yet they exhibit different p-values. The reason is that we report the exact p-values of the tests while
the p-values directly based on the D-statistics are approximations in case of ties (and are likewise both
0.860 for the two tests under consideration).

22As commonly used utility functions we denote all functional forms that have derivatives with
alternating signs and positive marginal utility, such as CRRA or CARA utility functions.
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We carefully designed our experiment to implement the status quo prior to the

second date as the reference point. If we adopt the parametric assumptions of Tversky

and Kahneman (1992), we find that there is a variety of predictions for each order.

CPT predicts in seven of our decisions eliciting second-order risk preferences that the

risk-seeking choice will be taken and in 21 decisions it is predicted that the risk-averse

choice will be preferred. Out of the 28 decisions eliciting third-order risk preferences,

CPT predicts only one imprudent choice. In the decisions eliciting fourth-order risk

preferences, it predicts twelve temperate choices versus 14 intemperate choices.23 We

can compute in how many decisions CPT correctly predicted the majority of choices.

In 59 out of 84 decisions the prediction was correct. To receive an intuition on the

performance of CPT as a predictive theory, we compare it to the result under EUT with

standard utility functions. Here, 69 out of the 84 decisions were predicted correctly.24

To summarize, based on our experiment, we conclude that the parametric version of

CPT most commonly used is performing worse as a predictive theory than EUT with

any standard utility function.

If we adopted our definition of the reference point to the experiment of Deck and

Schlesinger (2010), the two compared theories would predict exactly the same behavior.

We defined the reference point to be the status quo prior to the experiment. According

to this definition, all decisions in Deck and Schlesinger (2010) lie in the domain of gains.

In gains, the value function of CPT is identical to a specific CRRA function. In the

decision problems of Deck and Schlesinger (2010) the nonlinear influence of probabilities

does not change these predictions. Hence, both theories yield identical predictions. And

if we adopted the definition of the reference point from Deck and Schlesinger (2010) to

our experiment we find that in this case CPT predicts that subjects always choose the

risk-averse, the prudent and the intemperate alternative. Only in 53 out of 84 decisions

the predictions of CPT would be correct.

3.5 Conclusion

We analyzed higher-order risk preferences, namely risk aversion, prudence, and

temperance in a laboratory experiment. Each subject participated at two distinct

23EUT is independent of domains. If we additionally assume a commonly used utility function, it
therefore predicts that subjects always make the risk-averse, the prudent and the temperate choice.

24Choices in decisions 10, 11, 16, 19, 20, 25, 57, 61, 63, 64, 67, 68, 69, 71, 72, 73, and 83 were
correctly predicted by EUT but not by CPT. Choices in decisions 24, 43, 65, 76, 77, 80, and 84 were
correctly predicted by CPT but not by EUT. Choices in decisions 12, 22, 30, 31, 34, 40, 55, and 74 were
wrongly predicted by both theories. Choices in the 52 remaining decisions were correctly predicted by
both theories.
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dates of the experiment, separated from each other by three weeks. This allowed us

to inflict real monetary losses on subjects at the second date (in case decisions and

chance determined that the pay-offs were negative). Thus, we designed our experiment

in order to clearly implement the status quo prior to the second date experiment as the

reference point.

Our findings reveal that the prevailing preference pattern exhibits risk aversion,

prudence, and temperance both at an aggregate level but also at the level of the indi-

vidual subject. While our results on risk aversion and prudence are in line with existing

evidence, our finding on temperance contrasts the result of Deck and Schlesinger (2010)

which led them to conclude that CPT but not EUT is consistent with the data. Since a

crucial feature of reference-dependent models, such as prospect theory (Kahneman and

Tversky, 1979), is the distinct evaluation of gains and losses, we could shed further light

on risk preferences in the gain, loss, and mixed domain. Similar to Bosch-Domènech

and Silvestre (2006) who also investigate second-order risk preferences in the (real) loss

domain, we find no evidence for risk-seeking in losses, a behavior that has been found

in the early experimental literature relying on hypothetical questions only, and in some

studies subject to ‘house-money’ problems. More generally, we find that risk prefer-

ences of any order are not influenced by the domain decisions are taken. Subjects have

the same second- to fourth-order risk preference in the gain and in the loss domain.

These results are well reconcilable with standard assumptions in EUT, such as CRRA

or CARA, but not with the favored variant of cumulative prospect theory. Another fea-

ture of common EUT models is the tight connection of risk preferences across orders.

Consistent with this prediction, we find very strong relations between risk preferences

of all orders. Subjects showing a higher level of consistency with a risk preference in

one order also show a higher level of consistency with a risk preference in another order.

The shape of gain-loss utility does not seem to be of a fundamentally different

nature for gains and for losses. As a qualification of our results, we have to state

that the stakes in our experiment are small compared to some decisions individuals

face outside the laboratory. If individuals are threatened by huge losses, they may be

tempted to speculate on a series of favorable outcomes of events and take risks they

otherwise would shun. They might be willing to aggregate risks in order to leave at least

one possible positive outcome. This outcome could then function as a glimmer of hope.

However, behavior in reaction to monetary losses that do not stir such existential fears

seems more accessible to economic analysis. Although we cannot infer the functional

shape of the value function for all levels of stakes from our results, we can dismiss the

notion that at the reference point the function radically changes its characteristics.
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3.6 Appendix A: Decisions in the Experiment

Table 3.6: Decisions Eliciting Risk Aversion

Dec- Para- Displayed Outcomes In Appearance %
ision meters Option A Option B Do- in Session of

# y ε1 A1 A2 B1 B2 main 1 2 3 B2

01 45 30 15 75 45 45 G 29 12 75 58
02 -5 6 -11 1 -5 -5 M 1 39 76 52
03 10 2 8 12 10 10 G 2 40 77 51
04 5 3 2 8 5 5 G 3 64 19 69
05 0 12 -12 12 0 0 M 57 41 49 55
06 57 5 52 62 57 57 G 30 65 50 51
07 28 20 8 48 28 28 G 4 66 20 51
08 0 9 -9 9 0 0 M 58 67 78 55
09 62 17 45 79 62 62 G 59 68 21 57
10 -9 3 -12 -6 -9 -9 L 31 13 79 51
11 -5 3 -8 -2 -5 -5 L 32 42 22 67
12 6 5 1 11 6 6 G 5 43 80 45
13 46 32 14 78 46 46 G 33 69 51 57
14 3 2 1 5 3 3 G 60 14 81 58
15 15 11 4 26 15 15 G 34 44 52 57
16 -6 5 -11 -1 -6 -6 L 61 45 23 51
17 0 2 -2 2 0 0 M 62 70 82 52
18 0 5 -5 5 0 0 M 6 15 53 64
19 -3 2 -5 -1 -3 -3 L 7 46 54 66
20 -7 4 -11 -3 -7 -7 L 35 47 24 66
21 5 6 -1 11 5 5 M 8 71 25 60
22 -1 10 -11 9 -1 -1 M 63 72 26 48
23 9 3 6 12 9 9 G 9 73 83 55
24 -10 2 -12 -8 -10 -10 L 36 16 55 49
25 -7 5 -12 -2 -7 -7 L 10 17 84 52
26 1 10 -9 11 1 1 M 11 18 27 70
27 7 4 3 11 7 7 G 37 74 56 55
28 7 5 2 12 7 7 G 38 48 28 54
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Table 3.7: Decisions Eliciting Prudence

Dec- Para- Displayed Outcomes In Appearance %
ision meters Option A Option B Do- in Session of

# y k ε1 A1 A2 A3 A4 B1 B2 B3 B4 main 1 2 3 B3

29 -4 3 3 -10 -4 -4 -4 -7 -7 -7 -1 L 12 75 29 58
30 -5 2 3 -10 -5 -5 -4 -8 -7 -7 -2 L 39 76 1 49
31 10 2 2 6 10 10 10 8 8 8 12 G 40 77 2 49
32 -6 4 2 -12 -6 -6 -8 -8 -10 -10 -4 L 64 19 3 58
33 9 6 2 1 9 9 5 7 3 3 11 G 41 49 57 60
34 -6 2 4 -12 -6 -6 -4 -10 -8 -8 -2 L 65 50 30 49
35 57 5 20 32 57 57 72 37 52 52 77 G 66 20 4 54
36 0 6 4 -10 0 0 -2 -4 -6 -6 4 M 67 78 58 54
37 10 4 2 4 10 10 8 8 6 6 12 G 68 21 59 57
38 62 15 21 26 62 62 68 41 47 47 83 G 13 79 31 70
39 0 2 2 -4 0 0 0 -2 -2 -2 2 M 42 22 32 58
40 0 4 6 -10 0 0 2 -6 -4 -4 6 M 43 80 5 49
41 8 2 4 2 8 8 10 4 6 6 12 G 69 51 33 57
42 51 12 5 34 51 51 44 46 39 39 56 G 14 81 60 61
43 0 10 2 -12 0 0 -8 -2 -10 -10 2 M 44 52 34 55
44 67 11 11 45 67 67 67 56 56 56 78 G 45 23 61 51
45 -3 2 2 -7 -3 -3 -3 -5 -5 -5 -1 L 70 82 62 63
46 -3 6 2 -11 -3 -3 -7 -5 -9 -9 -1 L 15 53 6 52
47 -3 2 6 -11 -3 -3 1 -9 -5 -5 3 M 46 54 7 54
48 5 2 2 1 5 5 5 3 3 3 7 G 47 24 35 67
49 -4 2 5 -11 -4 -4 -1 -9 -6 -6 1 M 71 25 8 55
50 4 2 5 -3 4 4 7 -1 2 2 9 M 72 26 63 51
51 42 8 16 18 42 42 50 26 34 34 58 G 73 83 9 70
52 10 7 5 -2 10 10 8 5 3 3 15 M 16 55 36 52
53 0 6 6 -12 0 0 0 -6 -6 -6 6 M 17 84 10 58
54 -8 2 2 -12 -8 -8 -8 -10 -10 -10 -6 L 18 27 11 58
55 0 7 3 -10 0 0 -4 -3 -7 -7 3 M 74 56 37 48
56 0 2 10 -12 0 0 8 -10 -2 -2 10 M 48 28 38 42
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3.7 Appendix B: Instructions (translated from German)

Dear participant,

thank you very much for your attendance. You are now participating in an experiment at the

MELESSA laboratory. The experiment consists of two parts. As it was described in the in-

vitation E-mail, the first part will take place today and the second part in exactly three weeks.

The experiment is organized as follows. You participate today and earn money. At the

second date in three weeks you will also get the opportunity to earn money, but it is also

possible that you make losses. Over the two dates you cannot lose money. This means that

the minimum amount you earn today is assured to be greater than the amount you can lose

in three weeks. Thus, the total amount over both experimental parts will be positive with

certainty (larger than zero).

It is necessary for the experimental results that you participate at both dates. If you cannot

participate at the second date because you did not read the notice in the mail or do not want

to participate for other reasons, please raise your hand now. You will get your show-up fee

and do not have to participate in the experiment. There are no further consequences for you

if you decide not to participate. If you do not raise your hand now, you commit to take part

at both parts. This means, if you do not raise your hand now and do not show up at the

second date, you will be excluded from the experimental recruiting system. You will not be

allowed to take part in further experiments of this laboratory.
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Instructions for Today’s First Part of the Experiment:

From now on you are not allowed to communicate with the other participants. If you have

any questions, please alert one of the experimenters by raising your hand. The experimenter

will then come to your seat to answer your question. It is prohibited to use cell phones or

to open other programs on your computer. If you violate any of these rules, we will have to

exclude you from the experiment without compensation.

In today’s part of the experiment you work on two tasks. For each task you will be paid

separately. Therefore, your decisions in task 1 do not influence the payment in task 2. Your

decisions in task 2 also do not influence your income in task 1.

The procedure of today’s first part is as follows:

1. At first, please read the instructions for task 1 at hand. Control questions will show, if

you understood the instructions.

2. Afterwards, you will work on task 1 on the computer.

3. After working on task 1 you will get the instruction for task 2 on the computer screen.

Please also read them carefully.

4. Subsequently, you work on task 2 on the computer.

5. After all participants finished task 2, chance and your decisions will determine the

amount of your payoff.

6. Your payoffs appear on the screen and you wait at your seat until your number is

announced.

7. When your number is announced, leave the room and you will receive your payment.

8. Then the first part of the experiment is over and you can leave. We expect you back

for the second part of the experiment in three weeks.
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Instructions Task 1:

In task 1 you have to make decisions in three tables. The tables appear one after another on

the screen. When you finished working on a table (by pressing the OK button on the screen)

you cannot revise them afterwards.

Instructions for Table 1:

In each row you have to decide between two alternatives (alternative A and alternative B).

Alternative A as well as alternative B may have two possible realizations.

The possible realizations of alternative A are called A1 and A2. The possible realizations of

alternative B are called B1 and B2. If you decided for alternative A, chance will determine

if you will get realization A1 or realization A2. Similarly, if you decide for alternative B, you

will get either B1 or B2 by chance. Both realizations of an alternative are equally likely. This

means that it can be expected that the first realization occurs as often as the second realization.

Here, you see an example table (this is not the table you will work on later):
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In each row you have to decide between alternative A and alternative B. There are no objec-

tively right or wrong decisions. But you should consider carefully in each row if you rather

want to have the potential realizations of alternative A (A1 and A2) or the potential realiza-

tions of alternative B (B1 and B2). Depending on your decision, it is decided by pure chance

which of the realizations (A1 or A2 if A was chosen; B1 or B2 if B was chosen) determines

your income.

Instructions for Tables 2 and 3:

Again, you have to decide in each row between two alternatives (alternative A and alter-

native B). The only difference to table 1 is that both alternatives (A and B) do have not only

two but four different realizations.

Again, all realizations are equally likely. This means that it can be expected that each of the

four realizations will occur as often as the other ones. So, you have to consider if you rather

want to have the possible realizations A1, A2, A3, and A4 (alternative A) or the possible

realizations B1, B2, B3, and B4 (alternative B).

Here you have two example tables (again, these are not the tables you will work on later):

[SIMILAR SCREENS AS THE PREVIOUSLY, FOUR OUTCOMES EACH OPTION]

Your income from task 1 will be calculated at the end of today’s first part as follows:

The person who by chance sits on seat 1 draws one ball from a box (called table box) with 3

numbered balls. The drawn number (1, 2, or 3) determines, which of the 3 tables is relevant

for your income.

The person rolls a twelve sided die afterwards. The result (1 - 12) determines which row

in the chart is relevant for your income.

Finally, the person draws from two boxes (called realization box A and realization box B) one

ball each. Both realization boxes contain 2 numbered balls, if the ball with number 1 was

drawn from the table box. Both realization boxes contain 4 numbered balls each, if the ball

with number 2 or 3 was drawn from the table box.

If you decided for alternative A in the diced row of the drawn table, you get the amount

of the drawn realization of A. If you decided for alternative B in the diced row of the drawn

table, you get the amount of the drawn realization of B.
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An Example:

Suppose the person with seat number 1 draws the ball with number 2 from the table box

at first. Afterwards, this person dices a 10. Finally the ball with number 2 from realization

box A and the ball with number 4 from the realization box B is drawn. If you have chosen

alternative A for row 10 in table 2, you get paid according to realization A2 in this row. This

means you receive an income of 8.30 euros. If you have chosen alternative B for row 10 in

table 2, you get paid according to realization B4 in this row. In this case you get 15.10 euros.

The following three control questions will help you to see whether you have understood the

instructions for task 1. Please fill in the solutions and give a signal by raising your hand after

you answered all questions.

Control Question 1:

Suppose the person with seat number 1 draws from the table box the ball number 3. After-

wards, the person dices 11. Finally, ball 4 from realizations box A and ball 1 from realizations

box B is drawn.

What is the amount you receive if you decided in row 11 of table 3 for alternative A?

What is the amount you receive if you decided in row 11 of table 3 for alternative B?

Control question 2:

Suppose the person with seat number 1 draws from the table box the ball number 1. After-

wards, the person dices 9. Finally, ball 1 from realizations box A and ball 2 from realizations

box B is drawn.

What is the amount you receive if you decided in row 9 of table 1 for alternative A?

What is the amount you receive if you decided in row 9 of table 1 for alternative B?

Control question 3:

Suppose the person with seat number 1 draws from the table box the ball number 2. After-

wards the person dices 4. Finally, ball 3 from realizations box A and ball 3 from realizations

box B is drawn.

What is the amount you receive if you decided in row 4 of table 2 for alternative A?

What is the amount you receive if you decided in row 4 of table 2 for alternative B?

After you answered all control questions, please raise your hand and an experimenter will

come to your seat to assure that all answers are correct. If you have further questions they

can then be answered as well.

After all participants have answered the control questions and if there are no further questions,

the experiment will start on the computer with task 1.
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Reminder:

This note is a reminder.

As explained, this experiment consists of two parts.

Your payoff for the first part of the experiment today was:

. euros.

The second part of the experiment takes place in exactly three weeks, therefore on De-

cember 16th, 2008 at : o’clock in the same rooms of MELESSA.

In the second part of the experiment you will have the opportunity to obtain income. But

this time, depending on chance and your decisions, losses can occur in the second part of the

experiment.

Because of that we ask you to bring the today obtained amount in cash with you.

The profits or losses you can obtain in the second part of the experiment do not depend

on today’s obtained payoffs.
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Dear participants,

thank you very much for coming to the second and last part of this experiment.

You earned money at the first part of the experiment exactly three weeks ago. Today you have

to work on one task only. Depending on chance and your decisions you have the opportunity

to make gains as well as losses.

The procedure of today’s second and last part of the experiment is as follows:

1. At first, carefully read the instructions for the task.

2. Afterwards, you will work on the task on the computer.

3. After finishing the task, a drawing conducted by you determines the paid amount for

today’s second part of the experiment.

4. Your payment appears on the screen and you wait at your seat until your number is

announced.

5. When your number is announced, please leave the room. If the amount of your payment

is positive, you get paid this amount. If the amount of your payment is negative, you

have to pay this amount. With this, the experiment ends and you can leave.

Instructions for Today’s Second and Last Part of the Experi-
ment:

From now on you are not allowed to communicate with the other participants. If you have

any questions, please alert one of the experimenters by raising your hand. The experimenter

will then come to your seat to answer your question. It is prohibited to use cell phones or

to open other programs on your computer. If you violate any of these rules, we will have to

exclude you from the experiment without compensation.

In today’s second part of the experiment you will work on one tastk only. You will get

paid only for this task. This means, that chance and your decisions in this task determine

the complete amount of payment for today’s part of the experiment. Because the show-up

fee for today was already paid three weeks ago, the mentioned amounts fully determine your

payment for today’s part of the experiment. All mentioned amounts are in euros.
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Task Instructions:

Your task for today’s second part of the experiment is to make 84 decisions on two al-

ternatives, A and B. There are three different types of alternatives A and B:

1. Alternative A as well as alternative B can have 2 potential realizations. Both real-

izations (drawing 1 and 2) are equally likely. This means it can be expected that the

first realization occurs as often as the second realization. You have to consider if you

rather want to have the potential realizations of alternative A (drawing 1 and 2) or the

potential realizations of alternative B (drawing 1 and 2). This is an example:
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2. Alternative A as well as alternative B can have 4 potential realizations. All realiza-

tions (drawing 1, 2, 3, and 4) are equally likely. This means it can be expected that

each of the four realizations occurs as often as the other ones. You have to consider

if you rather want to have the potential realizations of alternative A (drawing 1, 2, 3,

and 4) or the potential realizations of alternative B (drawing 1, 2, 3, and 4). This is an

example:
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3. Alternative A as well as alternative B can have 8 potential realizations. All realiza-

tions (drawing 1-8) are equally likely. This means it can be expected that each of the

eight realizations occurs as often as the other ones. You have to consider if you rather

want to have the potential realizations of alternative A (drawing 1-8) or the potential

realizations of alternative B (drawing 1-8). This is an example:



CHAPTER 3. EVIDENCE ON HIGHER-ORDER PREFERENCES 147

For each of the 84 decisions, you choose between alternative A and alternative B by pressing

the OK button. Remember, that you cannot revise your decision after confirming by pressing

OK. When you made all 84 decisions, please raise your hand. An experimenter will come to

your seat to make the drawing which determines your payoff. After your draw has been made,

you have to enter the drawing result while being monitored by an experimenter on the

provided screen. You are not allowed to enter something until the experimenter has arrived

at your seat. If you violate this rule, you will be excluded from the experiment, including all

payments.

Your payment for this task, and for the entire second part of this experiment, is calcu-

lated as follows:

After you made your 84 decisions, an experimenter will come to your seat to make the drawing

which determines your payoff.

For this you have to first draw a ball from a box (called decision box) with 84 numbered balls.

The drawn number (1-84) determines which of the decisions is relevant for your payment.

Afterwards, you have to draw a ball each out of two boxes (called realization box A and

realization box B). Both realization boxes contain either 2, 4 or 8 numbered balls, according

to which of the 84 decisions is relevant for your payoff.

If you have chosen alternative A for the drawn decision, you get the payoff for the drawn

realization of A. If this amount is negative, you have to pay this amount. If you have chosen

alternative B in the relevant decision, you get the amount of the drawn realization of B. Again,

you have to pay the amount if it is negative.

An example:

Suppose that the last example screen (see above) was chosen as the relevant decision by your

first draw from the decision box. Therefore, there are 8 balls in each of the realization boxes.

Further suppose you now draw ball number 8 from realization box A and ball number 2 from

realization box B. If you have chosen alternative A for this decision, your total payoff for

today’s second part of the experiment is 7 euros. In this case you are paid 7 euros at the end

of the experiment. If you have chosen alternative B for this decision, your total payoff for

today’s second part of the experiment is −4 euros. In this case, you have to pay 4 euros at

the end of the experiment.

If you have further questions, please raise your hand. An experimenter will come to your

seat and will answer your questions. If you do not have any questions, please put the instruc-

tions upside down on the table to signal us that you understood everything.
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Chapter 4

Conditional Cooperation in

Repeated Public Goods Games:

Theory and Experimental Evidence
0

4.1 Introduction

Conditional cooperation describes a preference where people are willing to cooper-

ate given that others cooperate as well.1 However, cooperative behavior usually exhibits

a self-serving bias which deters conditional cooperation from being perfect. Such im-

perfect conditional cooperation has been identified as the median as well as average

cooperation preference at work in public goods experiments.2 Recently, Fischbacher

and Gächter (2010) argued empirically that the imperfectness of conditional coopera-

tion can explain the dynamics of contribution behavior in repeated public goods games

and that the interaction of different types of players, where some are purely selfish, is

0The empirical part of this chapter (Sections 4.2, 4.3, and 4.5) is based on joint work with Jan
Schikora.

1The importance of conditional cooperation was early recognized by social psychologists (e.g. Kelley
and Stahelski, 1970). Its prevalence has been found in lab as well as field environments (see Gächter,
2007 for an overview).

2In order to directly elicit various preference types, it has become common to use the elicitation
method of Fischbacher, Gächter, and Fehr (2001) (which builds upon Selten’s, 1967 strategy method).
Classifications based on this method usually distinguish between conditional cooperators, free-riders,
triangle contributors, and unclassifiable subjects, with most weight clearly on the class of conditional
cooperators. For instance, Fischbacher, Gächter, and Fehr (2001) find 50% are conditional cooperators
and 30% free-riders, Kocher et al. (2008) find between 42% and 81% are conditional cooperators
(depending on the location) and, respectively, between 36% and 8% are free-riders. Herrmann and
Thöni (2009) find 56% are conditional cooperators while 6% are free-riders. Fischbacher and Gächter
(2010) find 55% and 23% are conditional cooperators and free-riders, respectively. And Aurélie and
Riedl (2010) report 67% are conditional cooperators while 22% are free-riders.
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not needed for contributions to decline over time.3 Theoretically, however, contribut-

ing nothing is the only equilibrium if everybody exhibits a preference for imperfect

conditional cooperation.4

In this chapter we show that imperfect conditional cooperation can explain the

dynamics of contribution behavior also theoretically within a non-equilibrium level-k

model of strategic thinking. Since previous studies examining conditional cooperation

invariably used homogeneous endowments, they have remained silent about the issue

whether people condition their contributions on the absolute or relative contributions

of others. Under homogeneous endowments absolute and relative conditional coopera-

tion are not distinguishable. In a first step, we implement heterogeneous endowments

in a one-shot public goods experiment based on the strategy method, and show that

people are on average imperfect relative conditional cooperators. It is this preference

that becomes important when explaining behavior under the quite realistic and impor-

tant scenarios of heterogeneous and uncertain endowments.5 In a second step, we then

not only investigate theoretically the role of conditional cooperation for the dynamics

of public goods contributions but we additionally use the specific preference of relative

conditional cooperation to derive predictions for the effects of heterogeneous and uncer-

tain endowments. In a third step, we finally test the model’s predictions in a repeated

public goods experiment and find that all predictions of the model are confirmed. More

specifically, given their identified preference subjects strategically over-contribute and

these over-contributions as well as total contributions are declining over time. Het-

erogeneously endowed groups contribute less than homogeneous groups under certain

endowments and are therefore less efficient in providing the public good. This is not the

case under uncertain endowments. Here, poor groups contribute less and rich groups

contribute more compared to a situation where endowment levels of players are common

3Or as Fischbacher and Gächter (2010, p542) put it: “Our main result [. . . ] is that contributions
decline because, on average, people are “imperfect conditional cooperators” who match others’ only
partly. The presence of free-rider types is not necessary for this result; contributions also decline
if everyone is an imperfect conditional cooperator.” By contrast, in a recent theoretical model of
Ambrus and Pathak (2011) decaying contributions in equilibrium are explained by purely selfish types
who induce cooperation among reciprocal types.

4This is because in each period the imperfectness of conditional cooperation means that players
contribute less than what they expect others to contribute. Hence, the only fixed point is where
contributions are zero.

5While the literature on the effects of heterogeneous endowments is quite large, it is rather sparse
when it comes to uncertain endowments. This is surprising as one can think of many situations
where cooperation is important and where individuals usually do not know the endowment of others.
Charitable giving, for example, usually occurs without any knowledge about the income of those who
donated, but donations become known (Gächter, 2007 lists campaigns where it was practice to reveal
the donated amounts of all donators). Team work often involves the observability of contributions
by individual team members while they do not know how much disposable time each team member
actually has.
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knowledge. Thus, uncertainty causes the inequality of the overall income distribution

to increase.

Our experimental design, described in Section 4.2, builds upon the design of Fis-

chbacher and Gächter (2010) who also used an experiment combining two parts, the

P- and the C-experiment.6 Subjects take part in both parts of our experiment and

keep their endowment level (high (H) or low (L)) throughout. Each subject is paired

with two other subjects leading to four possible group structures (LLL, LLH, LHH,

or HHH). In our P-experiment we ask subjects to indicate their own contribution for

all combinations of others’ contributions and endowments. This specific design of the

P-experiment allows us to refine the preference of conditional cooperation in two di-

mensions. The first dimension concerns the question whether subjects condition their

contribution on the average of others’ contributions. This is an important robustness

question for previous studies on conditional cooperation that used the elicitation method

of Fischbacher, Gächter, and Fehr (2001). All of these studies only asked for averages

and thereby implicitly assumed that this is the case, despite the fact that most theo-

retical models of outcome-based social preferences predict that the inequality of others’

contributions matters for own contributions (see e.g. Fehr and Schmidt, 1999; Charness

and Rabin, 2002; or Cox and Sadiraj, 2007). The second dimension where our design

allows us to refine conditional cooperation preferences concerns the question whether

subjects condition their own contribution on the absolute level of others’ contributions

or whether they take endowment heterogeneity into account and condition on relative

amounts. With homogeneous endowments as previously implemented, these two forms

of conditional cooperation coincide. Our C-Experiment consists of two treatments, the

certainty and the uncertainty treatment. In both treatments subjects play a repeated

linear public goods game over ten periods. While subjects know others’ endowments

in the certainty treatment they know neither others’ endowments nor the total group

endowment in the uncertainty treatment. The purpose of the C-experiment is to test

predictions of our theoretical model.

For this model, we use the refined preference of conditional cooperation as found via

the P-experiment. Section 4.3 presents the results of the P-experiment. Here, we indeed

find that subjects condition their contributions on the average of others’ contributions

so that the inequality of contributions holding the mean constant does not have an effect

on own contributions. Further, the average subject is an imperfect relative conditional

cooperator who conditions her own contribution on the relative average contribution of

6Fischbacher and Gächter (2010) were the first who used the elicitation method of Fischbacher,
Gächter, and Fehr (2001), the P-Experiment, to derive predictions for a (simultaneous) repeated public
goods game, the C-Experiment (see also Aurélie and Riedl, 2010).
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others. Importantly, the slope of the contribution schedule decreases, thereby making

relative conditional cooperation more imperfect, in case a subject is in the minority

according to her endowment level, i.e. subjects exhibit a minority bias.

This specific preference is then used in Section 4.4 in order to theoretically ana-

lyze contribution behavior in a repeated public goods game with N ∈ N players and

T ∈ N periods. The model we present is a non-equilibrium level-k model, where level-k

players best respond to level-k − 1 players (Crawford, Costa-Gomes, and Iriberri, 2010

provide a recent overview of the literature on strategic thinking). Any equilibrium

model where all players have preferences that are imperfectly conditional cooperative

would predict zero contributions in every period, which is clearly at odds with em-

pirical findings. By contrast, within our non-equilibrium model we show that level-2

players, but not level-1 players, with such preferences strategically over-contribute and

that (over-) contributions of all players are declining over time.7 Intuitively, level-2

players over-contribute because they anticipate that higher own contributions induce

higher contributions by other players in the future. This leads them to contribute more

than what would have been myopically optimal, despite the fact that these higher con-

tributions by other players have to be matched in the future (since players are partly

conditionally cooperative) and this matching is costly (since players are partly selfish).

Contributions decrease because level-2 players best respond to level-1 players who in

turn best respond to observed contributions in the previous period, because they best

respond to level-0 players who just contribute the same as in the previous period. So, in

contrast to level-2 players, level-1 players cannot anticipate that their own contribution

influences others’ future contributions. Hence, level-1 players do not over-contribute

and therefore contribute less than what was contributed in the previous period (since

players are partly selfish). Level-2 players best respond to that and their contributions

are also lower than in the previous period since over-contribution is not too large.

While this first set of results would also obtain under a preference for absolute con-

ditional cooperation, the second set of results is specifically concerned with the effects

of heterogeneous and uncertain endowments on contribution behavior, and therefore

only obtains under relative conditional cooperation. We show that the minority bias,

either acting on the player herself or being anticipated to act on other players, de-

creases contributions in heterogeneous groups. This is another well-known pattern in

public goods experiments and our results show that the specific preference of relative

7(Strategic) over-contribution is the amount that players contribute more in a repeated public
goods game compared to its one-shot version for given beliefs of others’ contributions.
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conditional cooperation, and especially the minority bias, is responsible for this result.8

Under uncertain endowments all subjects have similar symmetric beliefs about others’

endowments. As a result, subjects in rich groups wrongly believe to be in a poorer

group and subjects in poor groups wrongly believe to be in a richer group. Theoreti-

cally, these deviating beliefs cause rich groups to contribute more and poor groups to

contribute less. Thus, uncertainty causes the inequality of the income distribution over

all players to increase. The efficiency loss of heterogeneous (rather than homogeneous)

endowments in the provision of the public good no longer remains under uncertainty.

In contrast, under uncertainty an efficiency loss (gain) obtains in poor (rich) groups

compared to certainty.

In Section 4.5 we present the results of the C-Experiment and test whether the

predictions of our model are verified by the data. We find that all predictions of the

model are confirmed. Interestingly, the adverse effects of uncertain endowments on poor

and rich groups are neutralized when looking at aggregate contributions. That uncer-

tain endowments have no overall effect on contribution behavior is consistent with the

sparse literature touching endowment uncertainty.9 However, adverse effects on poor

vs. rich groups have not been investigated. Our result shows that only considering ag-

gregate contributions is not sufficient with regard to policy implications. Furthermore,

the results show that the specific preference of relative conditional cooperation drives

contribution behavior, not only under certainty but also under uncertainty.

Section 4.6 concludes. In Appendix A we derive and discuss further results of the

model that are not testable with the specific design of our C-Experiment, but which have

been tested in previous studies. We consider the effect of increasing the efficiency of the

public good (or marginal per capita return), the group size (or number of players), the

time horizon (or number of periods), and the endowments of all players. We also look at

the one-shot prediction of a public goods game and on the effect of increased selfishness

on contributions behavior. Our model confirms empirical patterns that have been found

with respect to these variations of the game. All proofs of the theoretical model appear

in Appendix B and the experimental instructions are devoted to Appendix C.

8Studies investigating the effects of heterogeneous endowments include Marwell and Ames (1979),
Aquino, Steisel, and Kay (1992), Rapoport and Suleiman (1993), van Dijk and Wilke (1994), Ledyard
(1995), Cardenas (2003), Zelmer (2003), Cherry, Kroll, and Shogren (2005), Buckley and Croson (2006),
and Anderson, Mellor, and Milyo (2008). Most of these studies indicate that making endowments
heterogeneous decreases cooperation. A more detailed discussion is provided in Section 4.5.

9The only studies we are aware of that consider the effect of uncertain endowments (although with
a quite different focus from ours) are Isaac and Walker (1988), van Dijk and Grodzka (1992), Chan et
al. (1999), and Levati, Sutter, and van der Heijden (2007). We discuss how these studies relate to ours
in Section 4.5.
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4.2 The Experiment

The experiment was computer-based and was conducted at the experimental lab-

oratory MELESSA of the University of Munich. It used the experimental software

z-Tree (Fischbacher, 2007) and the organizational software Orsee (Greiner, 2004). 180

subjects (graduate students were excluded) participated in 8 sessions and earned 14.76

Euros (including 4 Euros show-up fee) on average (with a minimum of 10.14 Euros and

a maximum of 22.56 Euros) for a duration of approximately 90 minutes. At the begin-

ning of the experiment subjects received written instructions that were read privately

by them. At the end of these instructions they had to answer test questions that showed

whether everything was understood. There was no time limit for the instructions, and

subjects had the opportunity to ask questions in private. The experiment started on

the computer screen only after everybody had answered the test questions correctly

and there were no further questions.

Contributions in the public goods game were modeled through a standard linear

voluntary contribution mechanism (VCM). In each period, the payoff of player i was

given by

Πi = Ek
i − xi + A

N

N∑
j=1

xj (4.1)

where Ek
i is player i’s endowment, xi ∈ [0, Ek

i ] her individual contribution, N is the

number of group members (with i, j = {1, 2, 3}), and A
N

= 0.6 (hence A = 1.8) is

the efficiency factor that determines how valuable the public good is. Under standard

selfish preferences it is predicted that all subjects choose xi = 0, whereas xi = Ek
i is

the social optimum.

In each session of the experiment, half of the subjects had a low endowment of 4

EMU (Experimental Monetary Units, where the exchange rate was such that 1 EMU

corresponded to 0.10 Euros) and the other half of the subjects was highly endowed with

8 EMU. Hence, k = {L,H} with EL
i = 4 and EH

i = 8. All groups in the experiment

consisted of three subjects and thus N = 3. Endowments were randomly assigned to

subjects (via the instructions10) and everybody knew that each subject had the same

10The instructions were given in three sets. The first set of instructions at the beginning of the
experiment gave information about the general setup and how the VCM worked. The second set of
instructions was handed out after everybody had correctly answered the test questions from the first
set of instructions. In the second set subjects received information about their type (H or L) and
about the first part of the experiment (i.e. the P-Experiment). At this point they only knew that there
would be a second part (i.e. the C-Experiment), but did not know how this second part would look
like. After the first part of the experiment was completed, subjects finally received the third set of
instructions, which gave them information about their treatment and the second part that followed.
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chance to be lowly or highly endowed, since they knew that half of the subjects in their

session had low and the other half had high endowments.

Subjects kept their endowment type in both parts of the experiment. The first part

of the experiment, the P-Experiment, adopts a design first proposed by Fischbacher,

Gächter, and Fehr (2001). Here, subjects stated their contributions conditional on

others’ contributions separately for all possible group structures. Since they only knew

their own type but neither the type of the other two group members nor the group

structure and thus the total group endowment, we used strategy tables where they

stated their contribution given every combination of others’ contributions and others’

endowments (LL, LH, and HH). Table 4.1 illustrates our elicitation method for the case

where one other group member was highly and the other lowly endowed.

Table 4.1: Conditional Contribution Ta-
bles

Example for group structure LH

Contribution Contribution Own

of Type L of Type H Contribution

... ... ...

0 4 ?

1 3 ?

2 2 ?

2 3 ?

... ... ...

Notes: For a complete version of the table
refer to the instructions in Appendix C.

In order to make these conditional contributions incentive compatible we also asked

for their unconditional contribution in each of the three possible group structures.11

The stated contribution preferences from the P-Experiment are used in order to ex-

plain contribution behavior in the second part of the experiment.12 While the seminal

P-Experiment of Fischbacher, Gächter, and Fehr (2001) and other studies that used

this method elicit cooperation preferences conditional on the average of others’ con-

tributions in homogeneous groups, our P-Experiment elicits cooperation preferences

conditional on every possible combination of others’ contributions in homogeneous and

11For two randomly selected subjects in each group the unconditional contribution was payoff rel-
evant and for one randomly selected subject the conditional contribution was payoff relevant. Payoffs
were then realized according to (4.1) but feedback about the P-Experiment was only given at the end
of the session.

12The P-Experiment is an ‘as if’ sequential one-shot public goods game with conditional contri-
butions being contributions of the second mover and unconditional contributions being first-mover
contributions. We only use the conditional contributions as stated contribution preferences for the
second part of the experiment.
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heterogeneous groups. This modification allows us to investigate two open questions

concerning conditional cooperation preferences. First, whether subjects condition their

contributions on the averages of others’ contributions or whether inequality in contri-

butions among others matters. And second, whether subjects condition on relative or

absolute contributions.

In the second part, the C-Experiment, subjects played the standard (simultaneous)

linear public goods game as described above repeatedly for ten rounds. We used a

partner design where groups stayed together for all rounds.13 Subjects were randomly

allocated to groups with the structures LLL, LLH, LHH, and HHH.14 These group

structures appeared equally often in each of the following two treatments.

In the certainty treatment, subjects learned before the first period, whether the

other two group members were lowly or highly endowed. They further received in-

formation after each period how much each of the other group members contributed

(together with the information about their endowments). In each period, subjects first

stated their belief about others’ contributions (knowing others’ endowments) before we

asked them to state their own contribution (which could be at most as high as their

own endowment).

In the uncertainty treatment, subjects neither received information about the en-

dowments of the other two group members nor about the total group endowment.15

They only knew their own endowment. After each period they also received informa-

tion about others’ contribution (but without endowment information). Within each

period, we first asked each subject to state her probabilistic belief about the group

13Using two parts and connecting stated preferences from the P-Experiment to observed behavior
in the C-Experiment, we adopt a design similar to Fischbacher and Gächter (2010). The difference be-
tween their and our P-Experiment is outlined above since they used the original design of Fischbacher,
Gächter, and Fehr (2001). Moreover, their C-Experiment consists of ten-period linear public goods
games with random stranger matching and a group size of four. The design of our C-Experiment is
further explained below.

14Although these group structures were also used to determine the payoffs from the P-Experiment,
feedback about the P-Experiment was only given at the end and after the C-Experiment.

15Note that all subjects knew that half of the them were highly and the other half was lowly endowed
and therefore knew the endowment distribution in the experiment. They did, however, not know the
frequency of each group structure. Conditional on that they believed in an equal frequency of each
group structure, the rational expectation of an L (H) type is to be matched with other group members
being LL, LH, and HH with probability 1

2 ( 1
6 ), 1

3 ( 1
3 ), and 1

6 ( 1
2 ), respectively. Conditional on that

they believed in a random assignment of group structures, the rational expectation of an L or H type
converges to probability 1

4 , 1
2 , and 1

4 for being matched with LL, LH, and HH, respectively, if the
number of subjects goes to infinity. With 24 subjects in a session, L (H) types would rationally expect
to be grouped with LL, LH, and HH with probability 5

23 ( 6
23 ), 12

23 ( 12
23 ), and 6

23 ( 5
23 ), respectively.

However, note that we elicit subjects’ true expectations to be in each possible group.
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structure, then her belief about others’ contributions, and finally asked for her own

contribution (with the upper limit being her own endowment).16

The experiment consisted of eight sessions in total. In seven of those sessions, 24

subjects participated (12 in the certainty and 12 in the uncertainty treatment) and

in one session only 12 subjects participated (in the uncertainty treatment). So, we

had each possible group structure (LLL, LLH, LHH, and HHH) eight times in the

uncertainty treatment and seven times in the certainty treatment. Having finished

both parts of the experiment, first the P-Experiment and then the C-Experiment,17

subjects answered a short questionnaire about socio-economic characteristics and then

received feedback about their total earnings from the experiment. Before they left, each

subject was paid in private and by a person that was not the experimenter.

4.3 Results P-Experiment

The preference for conditional cooperation has been extensively used to empiri-

cally explain why people contribute in public goods games. While some studies used

more indirect approaches (see e.g. Sonnemans, Schram, and Offerman, 1999; Keser

and van Winden, 2000; Brandts and Schram, 2001; Croson, Fatas, and Neugebauer,

2005; Croson, 2007; or Neugebauer et al., 2009), Fischbacher, Gächter, and Fehr (2001)

proposed a direct mechanism (based on the strategy method of Selten, 1967) to elicit

individuals’ willingness to cooperate given that others cooperate as well (see Ockenfels,

1999 for a similar approach). This elicitation method asks subjects to choose their own

contribution for every possible average of others’ contributions and thereby elicits an

individual contribution function. It has been used in other experimental studies in order

to investigate the robustness (see Kocher, 2008) or cultural differences (see Kocher et

al., 2008; or Herrmann and Thöni, 2009) of conditional cooperation. Fischbacher and

Gächter (2010) used it in order to explain the decline of cooperation in public goods

games and Aurélie and Riedl (2010) used it to investigate how different degrees of the

(im)perfectness of conditional cooperation manifest in contribution behavior.

16In both treatments, certainty and uncertainty, beliefs about others’ contributions were incentivized
in the following way. If their belief was correct, subjects received 2 EMU, if their belief deviated from
the actual contribution by only 1 EMU they received 1 EMU, and if their belief deviated by 2 EMU
or more, they received nothing. Again, feedback was only given at the end of the experiment. We did
not incentivize the stated probabilistic beliefs about others’ endowment in the uncertainty treatment,
since the only existing method we are aware of (i.e. quadratic scoring rule) requires the assumption of
risk neutrality.

17We did not reverse the order of conducting the P- and C-Experiment since Fischbacher and
Gächter (2010) already showed that it has no effect on outcomes.
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In our P-experiment subjects stated their contributions conditional on every com-

bination of others’ contributions for each possible group structure. The main purpose

of the P-Experiment was to elicit individual contribution preferences that can be used

to explain cooperation behavior in the C-Experiment. Previous experiments already

showed that the preference of conditional cooperation, i.e. imperfectly matching others

contributions, is the average as well as the median preference among subjects. Neverthe-

less, there are two open questions regarding conditional cooperation that have not been

captured by previous experiments. First, whether subjects condition their contribution

on the average of others’ contributions or whether they take individual contribution

differences into account. And second, whether subjects condition their contribution on

the relative amount of others’ contributions or rather on the absolute amount, which

is not distinguishable under homogeneous endowments as previously implemented. We

start with the first question.18

4.3.1 Conditioning on Averages

The seminal work by Fischbacher, Gächter, and Fehr (2001) that proposed the

method we adopted in our P-Experiment in order to elicit conditional cooperation

preferences, as well as other papers that used it, asks subjects to state their own contri-

butions conditional on the averages of others’ contributions. The specific design of our

P-Experiment allows us to test whether the implied assumption that subjects condition

their own contributions only on the averages of others’ contributions can indeed be jus-

tified. This is an important question as most theoretical models of social preferences (as

discussed below) would predict that the inequality of others’ contributions matters for

own contributions. Asking only for averages may therefore impose uncontrolled noise on

the elicited preference since the inequality of others’ contributions may be incorporated

in the beliefs of subjects. Moreover, for future research on the theoretical foundations

of conditional cooperation it seems important to know not only whether conditional

cooperation is relative or absolute (which will be answered in the next section), but

also whether inequality increases in others’ contributions matter for own contributions.

Suppose imperfect conditional cooperation behavior was driven by inequity aver-

sion as in Fehr and Schmidt (1999). This would imply that own contributions are

sensitive to the inequality of others’ contributions if one’s own group is the relevant

reference group (which is assumed). That this is the case, can already be seen in the

linear specification of Fehr and Schmidt (1999). For simplicity, suppose groups have

18Note that in the entire empirical analysis of the P- and the C-Experiment, all reported p-values
are those of two-sided tests. N always denotes the number of independent observations.



CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES 159

homogeneous endowments. Then, one’s own predicted contribution is either zero or

equal to the lowest of the others’ individual contributions. This could reason imperfect

conditional cooperation behavior in cases where others contributed unequal amounts,

since then one’s own contribution would match the lowest of the other contributions,

which is lower than the average of others’ contributions by definition. In these cases

the model of Fehr and Schmidt (1999) would predict a change in own contributions for

increases in the inequality of others’ contributions (holding their average contribution

constant) since increases in inequality imply that the lowest of the other contributions

changes.19 A similar prediction could be made in the outcome-based version of the

model by Charness and Rabin (2002) for situations where their model can generate

(perfect or imperfect) conditional cooperation. The reason is that increasing inequal-

ity of others’ contributions always decreases the income of another worst-off person.

Increasing the inequality of others’ contributions would also change own contributions

in the egocentric-altruism model of Cox and Sadiraj (2007) in case subjects with such

convex preferences behaved imperfectly conditional cooperative. The ERC model of

Bolton and Ockenfels (2000) can also generate conditional cooperation. However, in

their model inequality of others’ contributions has no effect on own contributions, since

it is only important how one’s own payoff compares to the average payoff. Note that

it is not our intention to test models of social preferences in the context of conditional

cooperation. We only use these models as inspiration for the tests we perform in this

section and to illustrate that not controlling for the inequality of others’ contributions

(which may be incorporated in the beliefs when only asking for averages) may have an

effect on contribution behavior.

Since all previous studies on conditional cooperation endowed all subjects with

the same income, we focus on homogeneous groups but additionally report the results

for heterogeneous groups. From the data of our P-Experiment we know how much

each subject contributes for any given combination of others’ individual contributions

and all combinations of others’ endowments. We can therefore make multiple pairwise

comparisons (i.e. matched pairs) of own contributions where we increase the inequality

of others’ individual contributions and, at the same time, hold their average contribution

constant. As an example, consider a subject that contributes a certain amount given

the other group members contribute 2 and 3 units. We then compare this amount to

her contribution when the other group members contribute 1 and 4 units. We can make

19Note that own contributions would also change for increases in the inequality of others’ contribu-
tions in cases where their model would predict perfect conditional cooperation, i.e. when others give
the same amounts.
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7 such pairwise comparisons when the other group members are LL and 50 comparisons

when they are HH.

In homogeneous poor groups (LLL) we find that none of the pairwise comparisons

is significant.20 Likewise, in homogeneous rich groups (HHH) none of the pairwise

comparisons is significant.21 Moreover, there is no tendency of subjects contributing

more or less for increases in inequality since the z-values of the Wilcoxon signed-rank

tests are negative and positive.22 This suggests that the implicitly made assumption in

the elicitation method of Fischbacher, Gächter, and Fehr (2001) can be justified. Making

these multiple pairwise comparisons, we do not find any evidence that subjects change

their contributions for increases in the inequality of others’ contributions when holding

the average contribution of others constant. As stated above, a model of inequity

aversion with a linear specification would rather predict changes in own contributions.

One can, however, construct a model of inequity aversion with a non-linear specification

(where the function of own payoffs is strictly concave rather than linear) that would

predict imperfect conditional cooperation where certain inequality increases would not

have an effect. In such a model, there would be no effect of inequality increases as long

as they do not lead to rank changes in the income distribution. For inequality increases

leading to a rank change, the model would still predict changes in own contributions.

We therefore separate the pairwise comparisons into three classes. The first class

consists of those comparisons that do not lead to a rank change. For instance, suppose

a subject contributes 3 units, when others contribute 2 and 6 units. Then, this subject’s

rank does not change in the comparison of others contributing 1 and 7 units.23 The

second class consists of comparisons leading to negative rank changes. As an example,

consider a subject contributing 1 unit given others contribute both 2 units. Then, there

is a negative rank change for the comparison where others contribute 0 and 4 units. If

this subject had contributed 3 instead of 1 units, there would have been a positive rank

change. This is the third class of pairwise comparisons that we consider.

In homogeneous poor groups (LLL) there is only one potential situation (out of

7) which can generate a rank change. It is the comparison of x(2, 2) vs. x(0, 4). This

comparison generates a negative rank change if x(2, 2) = 1 and a positive rank change if

20Using Wilcoxon signed-rank tests we find p = 0.182 for x(1, 1) vs. x(0, 2), p = 0.738 for x(1, 2)
vs. x(0, 3), p = 0.658 for x(1, 3) vs. x(0, 4), p = 0.248 for x(2, 2) vs. x(0, 4), p = 0.680 for x(2, 2) vs.
x(1, 3), p = 0.808 for x(2, 3) vs. x(1, 4), and p = 0.860 for x(3, 3) vs. x(2, 4) with N = 90 and x(y1, y2)
being own contribution given the other group members contribute y1 and y2.

21Using Wilcoxon signed-rank tests we find 0.111 ≤ p ≤ 0.988 with N = 90 for the 50 comparisons.
22In LLL two are positive and five are negative. In HHH 12 are positive and 38 are negative.
23Note that we defined rank changes to be strict. For instance, there is no rank change in the

comparison of x(2, 2) = 2 vs. x(1, 3), but there is a rank change when comparing x(2, 2) = 1 vs.
x(0, 4).
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x(2, 2) = 3. Out of 90 subjects, 67 subjects contributed amounts that did not generate

a rank change in this comparison, 9 subjects had a positive rank change, and 14 subjects

had a negative rank change. Those with a positive rank change contribute significantly

more and those with a negative rank change contribute significantly less (as predicted

by the above mentioned model of inequity aversion).24 However, since there is only one

potential situation generating a rank change in homogeneous poor groups and only few

observations that in fact experience rank changes in this situation, we should not derive

any conclusions from this result before having analyzed homogeneous rich groups.

In homogeneous rich groups (HHH) there are 22 pairwise comparisons (out of 50)

that can possibly generate rank changes. Of those 22 situations that induce positive

rank changes only one is significant.25 Of the 22 situations inducing negative rank

changes only two are significant.26 Although the direction of change in the three sig-

nificant situations is consistent with the predictions of the model, in the remaining 39

comparisons rank changes do not have a significant effect.27 Again, even the z-values

of the Wilcoxon signed-rank tests are both negative and positive suggesting that there

is not even a tendency that can be observed in these 39 non-significant cases.28

Moreover, in none of the 57 comparisons inducing no rank change, neither in poor

(7 comparisons) nor in rich groups (50 comparisons), do we observe any significant

effect of inequality increases. Overall, distinguishing between rank changes and no rank

changes does not lead to any results different from those for the pooled data. Rank

changes do not have an effect in virtually all cases. In those few cases where they have

an effect, the direction of change is such that own contributions increase for higher

ranks and decrease for lower ranks in the income distribution.

So far, our analysis used data which was aggregated over subjects and tested

whether there is a prevalent pattern that can be observed. Since each subject makes

24Using Wilcoxon signed-rank tests we find for the comparison of x(2, 2) vs. x(0, 4) p = 0.467 with
N = 67 if there is no rank change, p = 0.083 with N = 9 if there is a positive rank change, and
p = 0.046 with N = 14 if there is a negative rank change.

25Using Wilcoxon signed-rank tests we find for the comparison of x(2, 2) vs. x(0, 4) p = 0.189 with
N = 68 if there is no rank change, p = 0.083 with N = 7 if there is a positive rank change, and
p = 0.317 with N = 15 if there is a negative rank change.

26Using Wilcoxon signed-rank tests we find for the comparison of x(3, 4) vs. x(0, 7) p = 0.240 with
N = 60 if there is no rank change, p = 0.934 with N = 9 if there is a positive rank change, and
p = 0.046 with N = 21 if there is a negative rank change. For the comparison of x(4, 4) vs. x(1, 7) we
find p = 0.290 with N = 67 if there is no rank change, p = 1.000 with N = 4 if there is a positive rank
change, and p = 0.080 with N = 19 if there is a negative rank change

27Using Wilcoxon signed-rank tests we find 0.317 ≤ p ≤ 1.000 with 0 ≤ N ≤ 13 in 21 situations
inducing positive rank changes and 0.159 ≤ p ≤ 0.934 with 6 ≤ N ≤ 27 in 20 situation inducing
negative rank changes.

28In situations inducing positive rank changes five are negative, nine are positive, and seven have
p = 1.000. Concerning negative rank changes 15 are negative and five are positive.
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multiple decisions where the average but not the inequality of others’ contributions re-

mains the same, we can further use Binomial tests to classify subjects on the individual

level. Subjects are classified if their behavior can be significantly distinguished from

random behavior based on the 5%- (1%-) significance level. Otherwise, they remain

unclassified.

Our within-subject analysis yields a result similar to our across-subject analysis.

In homogeneous poor groups (LLL), 77 (62) out of 90 subjects can be classified as

contributing the same for inequality increases in others’ contributions. No subject

can be classified as contributing differently and 13 (28) subjects remain unclassified. In

homogeneous rich groups (HHH), 79 (78) out of 90 subjects are classified as contributing

the same, none is classified as changing her contribution, and 11 (12) remain unclassified.

Our results do not change when we consider heterogeneous instead of homogeneous

groups. Out of 90 H types 69 (56) can be classified as contributing the same when

the other group members are LL, none can be classified as contributing differently,

and 21 (34) remain unclassified. With the other group members being LH 65 (53) H

types contribute the same, none contributes differently, and 25 (37) remain unclassified.

Out of 90 L types 87 (87) can be classified as contributing the same when the other

group members are HH, none can be classified as contributing differently, and only 3

(3) remain unclassified. If the other group members are LH instead, 73 (68) L types

contribute the same, none differently, and 17 (22) remain unclassified.

Neither in homogeneous nor in heterogeneous groups can we classify a single subject

as changing her contribution for increases in the inequality of others’ contributions. Our

within-subject analysis therefore supports the results from our across-subject analysis.

Result 4.1 The hypothesis that subjects condition their contribution on the average of

others’ contributions cannot be rejected. Increasing the inequality of others’ contribu-

tions while holding the mean constant does not have an effect on own contributions.

Result 4.1 is important for two reasons. First, for empirical purposes it shows that

the elicitation method of Fischbacher, Gächter, and Fehr (2001) is robust towards our

design variation and conditioning on averages is in fact an assumption that can be

justified. And second, for theoretical foundations of conditional cooperation it shows

that a conditioning on averages rather than on individual contributions is important

for contribution behavior.
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4.3.2 Relative Conditional Cooperation

In all previous studies on conditional cooperation individuals had the same en-

dowment. Under homogeneous endowments, there is no difference whether subjects

condition on absolute or rather on relative contribution levels. Under heterogeneous

endowments it becomes, however, important whether subjects (imperfectly) choose to

match the absolute amount of the average contribution of other group members or

whether they choose contributions depending on others’ average contribution relative

to their endowments. In the latter but not in the former case would subjects contribute

more the poorer their group members are.29

Figure 4.1 shows the average contribution schedule separately for each combination

of others’ endowments.30 Figure 4.1A shows own absolute contributions (on the ver-

tical axis) given the absolute average level of others’ contributions (on the horizontal

axis) separately for the cases where the other group members are LL, LH, and HH.

Subjects contribute more in poorer groups, holding the absolute level of others’ average

contribution constant. The slopes of the average contribution schedules in Figure 4.1A

are less than one, and the larger they are the poorer are the group members. While

positive slopes of less than one just confirm the stylized fact of imperfect conditional

cooperation, the relation between slopes and others’ endowments, i.e. greater slopes in

poorer groups, remains to be explained.

Figure 4.1: Conditional Cooperation Preferences: Absolute and Relative

29Note that it is not our intention to test any foundations of why people may want to condition their
contributions on relative rather than on absolute contributions of others. We are rather interested in
disclosing the systematic behavioral patterns that can be empirically observed.

30Figure 4.1 as well as the regression analysis is based on all subjects and does not separate into
specific preference types like free-riders, conditional or triangle cooperators. We therefore investigate
the average preference of all individuals.
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That subjects contribute more in poorer groups may be due to the fact that rel-

ative rather than absolute contributions matter. Indeed, that this is the case can be

seen in Figure 4.1B. Figure 4.1B plots own relative contributions (on the vertical axis)

given others’ relative average contributions (on the horizontal axis) separately for the

cases when others are LL, LH, and HH. Since subjects condition their contributions

on others’ relative rather than absolute contributions, we do not observe a difference

in contribution schedules between the combinations of others’ endowments in Figure

4.1B. The differences in the slopes between the situations in which group members are

LL, LH, or HH in Figure 4.1A disappear almost completely when we control for their

endowment level in Figure 4.1B. We interpret this observation as subjects matching rel-

ative rather than absolute average contributions of others. Still, the slopes are smaller

than one, so relative conditional cooperation is imperfect as well.

There are two ways subjects can conditionally cooperate on relative levels. They

can condition their own contribution either on others’ relative average contributions (as

in Figure 4.1B) or on the average of others’ relative contributions. In the first spec-

ification they would take the average of others’ individual absolute contributions and

then divide it by the average of others’ absolute endowment. In the second specification

subjects would take others’ individual absolute contributions, divide them by others’

individual absolute endowments, and then take the average of these relative individual

contributions. Both ways of relative conditional cooperation coincide when the endow-

ments of other group members are the same. But they do not coincide when others

are differently endowed. Consider an example where one group member is lowly and

the other is highly endowed. Suppose the L type contributes 4 EMU and the H type

contributes 0 EMU. In the first case a subject would (imperfectly) match a contribution

of 33.3% (= 4+0
4+8
∗ 100) of her endowment, and in the second case she would (imper-

fectly) match a contribution of 50% (= [4
4

+ 0
8
] ∗ 100) of her endowment. So we need to

find out whether the first specification, which we used in Figure 4.1B, can explain our

data better than the second specification. In the following quantitative analysis we will

detect which of these specifications yields more reasonable results.

To quantify conditional cooperation in absolute as well as in relative terms we

estimate OLS regressions31 of the following specification.

OwnConk = β0 + β1 OthCong + β2 OthCong ∗DLH + β3 OthCong ∗DLL + ε. (4.2)

31We additionally ran a Tobit regression, which disregards the clustering of the data but takes the
censoring of the dependent variable into account. Since we received similar results we only report those
of the OLS regression.
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The dependent variable OwnConk is an individual’s own contribution where k =

{A,R}. OwnConA stands for own absolute contribution and OwnConR for own rela-

tive contribution (i.e. own absolute contribution relative to own endowment). OthCong

is the average of others’ contributions where g = {A,R1, R2}. OthConA represents

others’ absolute average contribution, OthConR1 is others’ relative average contribu-

tion (first specification from above), and OthConR2 is the average of others’ relative

contributions (second specification from above). DLL is a dummy variable that takes

the value one for being in a group where the others are LL, DLH is a dummy variable for

others being LH, and ε is the individual error term. For relative conditional cooperation

under the first specification (with k = R and g = R1) we ran (4.2) with all subjects

(M2; Table 4.2), only with H types (M4; Table 4.2), and only with L types (M5; Table

4.2). For relative conditional cooperation under the second specification (with k = R

and g = R2) and absolute conditional cooperation (with k = A and g = A) we ran

(4.2) with all subjects in (M3) in Table 4.2 and in (M1) in Table 4.2, respectively.

Table 4.2 reports regression results for all five specifications.32 Let us first look at

(M1) in Table 4.2. The marginal effect of an additional unit of others’ absolute average

contribution is 0.4177 (= β1) when others are HH, 0.5831 (= β1 + β2) when others are

LH, and 0.7234 (= β1 + β3) when others are LL. So, individuals contribute more the

more others contribute. The marginal effect is strictly lower than one. This indicates a

slope of absolute conditional cooperation which is smaller than one. Moreover, holding

others’ absolute average contribution constant, individuals contribute significantly more

the poorer their group members are. The slope of the contribution schedule significantly

increases by 0.1654 when going from HH to LH and by another 0.1403 when going from

LH to LL, since the difference between β2 and β3 is also significant at the 1%-level

(F-test; p = 0.0000).

These differences (almost) disappear when we consider own relative contribution

given the relative average contribution of others in (M2) in Table 4.2. The corresponding

marginal effects are 0.5258 (= β1) when others are HH, 0.5764 (= β1 + β2) when

others are LH, and 0.5088 (= β1 + β3) with others being LL. Now, individuals increase

their relative contribution by roughly half of the increase of others’ relative average

contribution. Interestingly, they make almost no difference between groups anymore.

The difference in the slopes between HH and LL is not significant. However, despite

being very small there is a significant difference both between HH and LH and between

LL and LH, since the difference between β2 and β3 is significant at the 5%-level (F-test;

p = 0.0122). Before investigating the reasons for the small but significant differences in

32The results of Table 4.2 are qualitatively similar when we include dummy variables for the different
group structures (LL and LH) in our regression.
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these slopes, we first consider the second specification of relative conditional cooperation

below.

Table 4.2: Regression Results of Absolute and Relative Conditional Cooperation

Dependent Variables

(M1) (M2) (M3) (M4) (M5)

Abs.: Rel. 1: Rel. 2: Rel. H: Rel. L:

OwnConA OwnConR OwnConR OwnConR OwnConR

and g = A and g = R1 and g = R2 and g = R1 and g = R1

OthCong 0.4177*** 0.5258*** 0.4600*** 0.6192*** 0.4324***

(0.0329) (0.0380) (0.0335) (0.0520) (0.0538)

OthCong ∗DLH 0.1654*** 0.0506** 0.1443*** -0.0227 0.1238***

(0.0197) (0.0231) (0.0225) (0.0298) (0.0338)

OthCong ∗DLL 0.3057*** -0.0170 0.0698** -0.1900*** 0.1560***

(0.0299) (0.0322) (0.0305) (0.0359) (0.0471)

Constant 0.4646*** 0.0773*** 0.0878*** 0.0778*** 0.0767***

(0.0778) (0.0122) (0.0119) (0.0172) (0.0175)

Observations 18900 18900 18900 9450 9450

Clusters 180 180 180 90 90

R2 0.1433 0.1650 0.1441 0.2183 0.1417

Notes: OLS Regression with data from the P-Experiment. Robust standard errors (clus-

tered in subjects) are in parentheses. *** denotes significance at the 1%-level, ** denotes

significance at the 5%-level.

In (M3) in Table 4.2 we consider own relative contribution given the average of

others’ relative contributions. We find that the differences in the slopes of the absolute

contribution schedules across different endowments of others (LL, LH, or HH) do not

disappear when we consider our second alternative relative specification. The marginal

effect is 0.4600 (= β1) when others are HH, 0.6043 (= β1 +β2) when others are LH, and

0.5298 (= β1 + β3) when others are LL. Therefore, all differences in the slopes between

group structures are larger and remain significant when the second specification of

relative conditional cooperation is used. Note that the difference between LH (β2)

and LL (β3) is also significant at the 1%-level (F-test; p = 0.0092). In addition, the

coefficient of determination (i.e. R2) of (M2) is larger than that of both (M3) and (M1).

We therefore choose (M2), the first specification of relative conditional cooperation, as

our preferred model.

As mentioned above, the preference of absolute conditional cooperation and relative

conditional cooperation coincide with homogeneous endowments. Our results from

Figure 4.1 and Table 4.2 therefore extend existing results of conditional cooperation

preferences to heterogeneous endowments. On average, individuals condition their own

contribution on others’ relative average contribution but not on the average of others’

relative contribution. So far, our analysis used the data of all subjects and we did not
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investigate whether there are differences between H and L types. The last two columns

(M4 and M5) of Table 4.2 estimate (4.2) separately for H and L types, using the first

specification of relative conditional cooperation.

In (M4) in Table 4.2 we see that for H types the marginal effect of others’ relative

average contribution on own relative contribution is 0.6192 (= β1) when others are HH,

0.5965 (= β1 + β2) when others are LH, and 0.4292 (= β1 + β3) when others are LL.

The difference between HH and LH is very small and not significant, but the differences

between HH and LL and also between LL and LH are significant, since the difference

between β2 and β3 is significant at the 1%-level as well (F-test; p = 0.0000). This shows

that H types contribute the same in relative terms when others are HH and LH, but

they contribute significantly less when others are LL.

In (M5) in Table 4.2 we consider own relative contribution for L types given the

relative average contribution of others. The slopes of their contribution schedule are

0.4324 (= β1) when others are HH, 0.5562 (= β1 + β2) when others are LH, and 0.5884

(= β1 + β3) when others are LL. The differences between HH and LH and between HH

and LL are significant, while the difference between LH and LL is not (F-test; p = 0.4166

for the difference between β2 and β3). L types contribute the same in relative terms

when others are LL and LH, but they contribute significantly less when others are HH.

This is the reverse pattern of H types. Both types seem to have a preference for relative

conditional cooperation, but with a negative bias if their type is the minority in the

group. Note, however, that both types still contribute more in absolute terms for a

given absolute average contribution of others the poorer their group members are.

In order to investigate whether both L and H types show the same relative condi-

tional cooperation behavior in situations without negative minority bias, we ran addi-

tional OLS regressions of the following form.

OwnConR = β0 + β1 OthConR1 + β2 OthConR1 ∗DH + ε. (4.3)

Our dependent variable remains OwnConR. DH is a dummy variable that is one for

being an H type (and zero for being an L type). We ran (4.3) when others are LL (M6;

Table 4.3), LH (M7; Table 4.3), and HH (M8; Table 4.3).
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Table 4.3: Regression Results of Type-Specific Relative Conditional
Cooperation

Dependent Variables

(M6) (M7) (M8)

OwnConR OwnConR OwnConR

when others LL when others LH when others HH

OthConR1 0.6041*** 0.5707*** 0.4085***

(0.0471) (0.0528) (0.0524)

OthConR1 ∗DH -0.1576*** 0.0419 0.1885**

(0.0551) (0.0674) (0.0738)

Constant 0.0666*** 0.0677*** 0.0914***

(0.0150) (0.0143) (0.0142)

Observations 2700 8100 8100

Clusters 180 180 180

R2 0.2414 0.1903 0.1488

Notes: OLS Regression with data from the P-Experiment. Robust standard

errors (clustered in subjects) are in parentheses. *** denotes significance at

the 1%-level, ** denotes significance at the 5%-level.

First, consider (M7) in Table 4.3. The slopes of the relative contribution schedule

are not statistically different between L types (β1 = 0.5707) and H types (β1 + β2 =

0.6126) when others are LH. This picture changes, however, when we consider (M6)

and (M8) in Table 4.3. In (M6) we see that H types (β1 + β2 = 0.4465) contribute

significantly less than L types (β1 = 0.6041) when others are LL. L types still contribute

the relative amount they contributed when others were LH (this can be seen from (M5)

in Table 4.2), but H types contribute less now. When looking at (M8) in Table 4.3 we

see the reverse picture. Now, L types (β1 = 0.4085) contribute significantly less than H

types (β1 + β2 = 0.5970) when others are HH. H types still contribute at the relative

level when others were LH (again this can be seen from (M4) in Table 4.2), but L types

contribute less.

Combining the analysis of both tables yields a complete picture of conditional

cooperation preferences. We first showed that on average subjects are imperfect relative

conditional cooperators who condition their own contribution on others’ relative average

contributions rather than on the average of others’ relative contributions (this can be

seen from (M1) to (M3) in Table 4.2). Instead of looking at the average subject we

then considered L and H types separately in a second step. Here, we showed that both

types, despite having a relative conditional cooperation preference, have a negative bias

for being the minority type. H types contribute less in relative terms when others are

LL compared to when others are LH or HH. L types contribute less in relative terms

when others are HH than what they contribute when others are LH or LL (this can be

seen from (M4) and (M5) in Table 4.2 and (M6) to (M8) in Table 4.3).



CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES 169

The observed minority bias may capture the effect of group identity on social pref-

erences which has recently been analyzed by Chen and Li (2009). They show that

outgroup (as opposed to ingroup) identity decreases charity concerns, reciprocity, and

the likelihood of choosing the social-welfare-maximizing action. In our experiment,

subjects may identify themselves as outside the group if they are the only one’s with

a certain endowment. When considering the average subject, the minority bias causes

relative contributions to shift downward in cases where others are LL and HH, but not

in cases where others are LH. This explains why we found (in (M2) in Table 4.2) that

on average subjects contribute significantly more when others are LH than when others

are LL or HH. Nevertheless, despite having a negative minority bias making the imper-

fectness in the preference of relative conditional cooperation larger, the clear pattern of

giving more in absolute terms the poorer the group members are, still holds.

Result 4.2 On average subjects are imperfect relative (rather than absolute) condi-

tional cooperators who condition their own contribution on the relative average con-

tribution of others (rather than on the average of others’ relative contribution). In

addition, the slope of their contribution schedule decreases (leading to increased imper-

fectness) in case they are the minority type with respect to their endowment, i.e. they

exhibit a minority bias.

As a robustness check for the preceding regression analysis, we can additionally

perform non-parametric tests. For any given combination of others’ individual contri-

butions (not averages) we can test whether subjects’ own contributions are higher or

lower for changes in the endowment of other group members. For instance, assume

that one group member contributes 2 EMU and the other group member contributes 4

EMU. We can then compare a subject’s own contribution for these given contributions

of others in the situations where the other group members are LL, LH, and HH.

In doing so we use Wilcoxon signed-rank tests to make pairwise comparisons for

every possible combination of others’ contributions between the situations where the

other group members are LL vs. LH and LH vs. HH.33 Our results strongly support the

regression analysis. For the comparison of LL vs. LH we find that out of 15 combinations

of others’ contributions 14 are significant (0.0000 ≤ p ≤ 0.0151; N = 180). The only

one that is not significant in the comparison of LL vs. LH is when others both contribute

nothing (p = 0.3210; N = 180), where we indeed should not expect any difference. If

others contribute a given individual amount that is positive for at least one of them,

subjects contribute significantly more when others are LL than what they do when

33We could also test LL vs. HH. However, if we can show a significant difference in a consistent
direction for the comparisons of LL vs. LH and LH vs. HH, testing LL vs. HH will be redundant.
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others are LH.34 For the comparison of LH vs. HH we get similar results. Out of 25

combinations of others’ contributions 23 are significant at the 1%-level (0.0000 ≤ p ≤
0.0017; N = 180) in the comparison of LH vs. HH. Again, as expected, when both

others contribute nothing we do not observe a difference (p = 0.4624; N = 180). We

also do not observe a significant difference between LH vs. HH for the combination where

one of the others contributes nothing and the other contributes 1 EMU (p = 0.5146;

N = 180).35 However, for all other combinations subjects contribute significantly more

when others are LH instead of HH.

In a recent study Reuben and Riedl (2011) investigate contribution norms. In a

public goods setting comparable to ours (heterogeneous endowments and unrestricted

contribution possibilities), they find (using a questionnaire study of uninvolved subjects)

contributions proportional to endowments as the modal normative contribution rule.

Furthermore, in their 10-period public goods experiment, relative contributions of the

minority type (the high type) are lower than those of the majority types (the low types).

4.4 Deriving Hypotheses

Having empirically determined the preference of subjects as measured in the P-

Experiment, we will now ask what this preference theoretically implies for the standard

repeated public goods game as implemented in the C-Experiment. We will approach

this question in three steps. In a first step, we will present a theoretical framework

that accounts for Results 4.1 and 4.2 of our (one-shot) P-Experiment. In a second step,

we will then use this framework to analyze play in the repeated public goods game.

The model we propose is a non-equilibrium model of level-k thinking. Our first set

of results are general and do not rely on the specific preference of relative conditional

cooperation, but would also obtain under absolute conditional cooperation. In a third

step, we will thereafter present the second set of results that rely on the assumption

that players are relative and not absolute conditional cooperators. More specifically,

these are results that are important in the scenarios of heterogeneous and uncertain

endowments. For all theoretical results discussed in this section we will derive testable

empirical hypotheses. Additional results of the model which are not testable with the

specific design of our C-Experiment can be found in Appendix A.

34In the comparisons with LH, the lower contribution is attached to the L type and the higher
contribution to the H type.

35The non-significance of this combination disappears for the comparison of LL vs. HH. Here,
subjects contribute significantly more at the 1%-level if one of the others contributes nothing and the
other contributes 1 EMU (p = 0.0000; N = 180). Obviously, for all other combinations the comparison
of LL vs. HH also yields significant results.
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4.4.1 Theoretical Framework

The theoretical framework we present in this section presumes a preference of con-

ditional cooperation and is not a foundation of why players have such a preference.

In that sense our approach is agnostic towards where conditional cooperation comes

from. Any model that is able to generate relative conditional cooperation could be

embedded in our framework. We choose such an agnostic approach because our focus

is on what imperfect conditional cooperation theoretically implies in a finitely repeated

public goods game.

Each player i’s utility is given by

ui = δi m(Πi) + (1− δi) v(xi, g(·)) (4.4)

where Πi = Ei+(A
N
−1)xi+

A
N

∑
j 6=i xj is the payoff from private and public investment of

player i (as already introduced in Section 4.2), where A
N
< 1, A > 1, and Ei > 0 is player

i’s endowment which is common knowledge to all players. m(·) is the utility of this

payoff. v(·) is a function that generates disutility depending how much i’s contribution

xi ∈ [0, Ei] deviates from the target contribution generated by the function g(·). For

simplicity, we further assume that m(y) = y and v(·) = −(xi − g(·))2.36 Relative

conditional cooperation is captured by the function g(·) for which it is assumed that

g(·) = αi

∑
j 6=i xj∑
j 6=i Ej

Ei. (4.5)

So, a player i’s target contribution in v(·) is determined by the contributions of other

players j 6= i relative to their endowment and her own endowment. According to (4.5)

the target is to contribute a relative amount that is an α-match of others’ relative

contributions. Hence, αi measures how (im)perfect a player aims to match others’

contributions. In order to capture the minority bias of our P-Experiment we further

assume that

αi =

{
0 < αi ≤ 1 if |{j 6= i with Ej = Ei}| ≥ |{j with Ej 6= Ei}|
0 < α̂i < αi if |{j 6= i with Ej = Ei}| < |{j with Ej 6= Ei}|.

(4.6)

36With these functional form assumptions on m(·) and v(·) we follow Ambrus and Pathak (2011).
However, since Ambrus and Pathak (2011) focus in their equilibrium model on type interactions, they
only consider players with either δi = 1 (so that ui = Πi) or δi = 0 (so that ui = −(xi − g(·))2).
Moreover, since our focus is on conditional cooperation, utility in our model also departs from its
specification in Ambrus and Pathak (2011) by the assumption on the g function. We discuss further
deviations of the two models at the end of Section 4.4.
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If there is no minority bias the target is to match others’ relative average contri-

butions, either perfectly (αi = 1) or imperfectly (αi < 1). And if there is a minority

bias, this matching becomes more imperfect (α̂i < αi). In (4.6), the minority bias is

specified weakly and will not occur if and only if an individual is part of the majority

group. Thus, even if the number of players with equal endowments is the same as the

number of players with different but equal endowments, the minority bias occurs. The

exact specification of when the minority bias occurs as specified in (4.6) is, however,

not crucial for our results. Any other specification where some other minority of players

has this bias would generate the same results.37

If only social considerations played a role, a player would exactly match the target

contribution generated by g(·). However, matching the target comes at the cost of a re-

duced material payoff from public and private investment. δi is a measure of selfishness

with 0 ≤ δi ≤ 1, where a larger value indicates that player i is more concerned with in-

creasing her material payoff and less concerned with behaving socially, i.e. conditionally

cooperative.

In our P-Experiment subjects acted as if they knew how much others contributed

and then decided on their own contribution. So, each player i maximizes (4.4) given

others’ contributions xj and endowments Ej. The first-order condition specifying the

optimal contribution x∗i is

δi(
A
N
− 1) = 2(1− δi)(xi − g(·)). (4.7)

Since xi ≥ 0, we need to restrict δi to be sufficiently low in order for (4.7) to hold with

equality, i.e. to have an interior solution. So, for given contributions of others, we get a

corner solution in which x∗i = 0 if δi is too large. For all δi smaller than this critical value,

(4.7) specifies the optimal contribution with x∗i = δi
2(1−δi)(

A
N
− 1) + αi

∑
j 6=i xj∑
j 6=i Ej

Ei. Note

that for δi > 0 we have x∗i < g(·). This represents the self-serving bias of conditional

cooperation. If δi = 0, only social concerns are relevant, hence there will be no self-

serving bias and x∗i = g(·).

37Moreover, in the three-player setup of our experiment we can actually not distinguish whether
αi is specified as in (4.6) or whether it is specified by another minority definition, for instance one in
which the minority bias only occurs if there is a single subject in the minority (which is in a way the
other ‘extreme’ of (4.6)), i.e.

αi =

{
0 < αi ≤ 1 if ∃ j 6= i with Ei = Ej

0 < α̂i < αi if @ j 6= i with Ei = Ej .

In order to find the appropriate general specification of a minority bias, more future research is needed.



CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES 173

Within this framework, the imperfection of relative conditional cooperation may

be caused by two different effects. First, a smaller αi decreases the target that is

socially aimed to be matched. And second, a larger δi decreases the weight attached to

execute this social concern. Nevertheless, pure selfishness as defined via contributing

zero no matter what others contribute occurs if and only if δi = 1 (since αi > 0).

Despite simultaneously contributing to the imperfectness of conditional cooperation, αi

and δi measure different causes. αi measures how imperfect own contributions increase

in response to increases of others’ contributions, and thus measures the slope of the

contribution schedule. δi, on the other hand, measures how much own contributions

negatively deviate from the target contribution specified by g(·), and thus measures the

downward shift of the contribution schedule.38

From (4.7) several comparative statics results can be derived that are in line with the

observed behavior from our P-Experiment. If others give more, i.e.
∑

j 6=i xj increases, x∗i

will increase by the amount αi
Ei∑
j 6=i Ej

. This means that if others increase their relative

contributions
∑

j 6=i xj/
∑

j 6=iEj by one percentage point, player i increases her relative

contribution also by one percentage point if αi = 1, and by less than one percentage

point if αi < 1. This behavior is represented by Figure 4.1B and the regression results

of (M2) in Table 4.2. If others are poorer, i.e.
∑

j 6=iEj is smaller, the slope of i’s

best response function will also be smaller. This is represented by Figure 4.1A and

corresponds to the regression results of (M1) in Table 4.2. The minority bias causes

x∗i to be smaller if player i is in the minority. This again alters the slope of i’s best

response function as can be seen from regression results of (M4) and (M5) in Table 4.2

and from the regression results in Table 4.3. Further, note that if player i becomes

more selfish, i.e. δi increases, x∗i will decrease.

Having outlined how the presented theoretical framework accounts for our P-Experi-

ment results, we can now incorporate this framework into the analysis of a repeated

game. This allows us to derive hypotheses for the C-Experiment.

4.4.2 A Level-k Model of Strategic Thinking

In this section we analyze a repeated public good game with a finite horizon of T ∈ N
periods and N ≥ 2 players. The model we present is a non-equilibrium model of level-k

strategic thinking. Level-k thinking was introduced by Nagel (1995) and Stahl and

Wilson (1994, 1995) and has been further developed and applied to guessing games by

38More specifically, the parameter δi is needed for allowing subjects to have corner solutions, i.e.
x∗i = 0, for some positive contributions of others, i.e.

∑
j 6=i xj > 0. We do, however, not exploit this

additional degree of freedom in our results. In fact, results similar to ours could also be derived with
a fixed δi.
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Ho, Camerer, and Weigelt (1998), Bosch-Domènech et al. (2002), and Costa-Gomes and

Crawford (2006), to auctions by Crawford and Iriberri (2007a) and related mechanism

design questions by Crawford et al. (2009), to hide-and-seek games by Crawford and

Iriberri (2007b), to coordination games by Costa-Gomes, Crawford, and Iriberri (2009),

and to other normal-form complete-information games by Costa-Gomes, Crawford, and

Broseta (2001), and Costa-Gomes and Weizsäcker (2008).39

In a level-k model, level-1 (L1) players best respond to the behavior of level-0 (L0)

players, level-2 (L2) players best respond to L1 players, and so on. Generally, level-k

(Lk) players best respond to level-k− 1 players (Lk− 1).40 In these models it is crucial

how L0 players, who only exist as hypothetical constructs of higher-level players’ beliefs,

are specified. Often, it is assumed that L0 players act randomly according to a uniform

distribution, which may be a reasonable assumption in some one-shot environments

like the Beauty-Contest game. Salience has also been considered to be of importance

for L0 players’ responses in coordination games. In a repeated game, however, other

assumptions on L0 players seem more reasonable. We assume that in each (except the

first) period L0 players contribute the same as in the last period. In the first period,

they contribute a certain percentage of their endowment, which can be positive or

zero.41 That L0 players are expected to contribute in period t the same as in period

t − 1 captures, in a simple way, higher-level players’ adjustment of beliefs about what

others will contribute in period t, which only depends on what happened in the previous

period t− 1. It is similar to belief-based learning under ‘Cournot best-response’.42

It is further assumed that all players are either of type L1 or of type L2. This is

consistent with the evidence on the level type distribution in previous studies. “The

estimated frequency of L0 is normally zero or small; and the type distribution is fairly

stable across games, with most weight on L1 and L2 [. . . ].” (Costa-Gomes, Crawford,

39Crawford, Costa-Gomes, and Iriberri (2010) provide a great overview of the literature on strategic
thinking. In addition to the presented laboratory evidence on level-k reasoning, they also report
field evidence supporting such limited strategic thinking (one recent example is Brown, Camerer, and
Lovallo, 2011).

40This is the difference to a cognitive hierarchy model (see Camerer, Ho, and Chong, 2004), where
Lk players best respond to a distribution of lower-level types.

41Alternatively and without affecting our results, we could also assume that L0 players act randomly
in the first period, where their contribution is drawn according to some common distribution function.

42One could think of more sophisticated learning, in which L0 players’ contributions in period
t depend on more of the history than only the last period. We conjecture that results similar to
ours could also be derived under more complicated belief learning. Fischbacher and Gächter (2010)
provide empirical evidence that, although a sophisticated belief formation model in which beliefs are
a weighted average of previous-period contributions and previous-period beliefs performs best, a näıve
version in which beliefs entirely depend on the previous period, also captures the important contribution
dynamics. Furthermore, they provide evidence that the way people form their beliefs does not change
over time (which is also assumed by our L0 specification).
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and Iriberri, 2009, p369) We do not restrict the frequencies of L1 and L2 players and

the results of the model will be derived for any possible distribution of types being

either L1 or L2 players. The derived empirical hypotheses thereof assume some positive

fraction of L2 players.

Both L1 and L2 players are assumed to be homogeneous only according to their

belief about the level-type of the other players. That is, all L1 players are homoge-

neous in that they believe all others are L0 players, but they can well be heterogeneous

according to their own preferences, i.e. their αi and δi. Similarly, L2 players are homo-

geneous in that they believe all others are L1 players (who in turn best respond to L0

players), but they can be heterogeneous concerning their belief about the preferences

of L1 players. Hence, the believed δj and αj can be heterogeneous among L2 players

and need not be correct.43 Furthermore, L2 players can be heterogeneous according to

their own preferences, namely δi and αi. Our results are derived for others’ believed

preferences satisfying 0 ≤ δj ≤ 1 and 0 < αj ≤ 1, and for own preferences satisfying

0 < δi < 1 and 0 < αi ≤ 1. We will, however, additionally discuss our results in the

special cases of δi = 0 and δi = 1.

We also assume that neither the level-type, nor believed and own preferences change

over time. So, we exclude any updating of believed preferences. All players anchor their

belief about others on the same L0 players, who simply contribute in periods t 6= 1 the

same as in the previous period and in period t = 1 some percentage of their endowment.

This ‘home-grown’ belief for L0 players’ first period contribution is the same for all L1

and L2 players.

Since L1 players best respond to L0 players, their utility in period t is

utiL1 = δi Πt
i − (1− δi)(xti − αi

∑
j 6=i x

t−1
j∑

j 6=i Ej
Ei)

2 (4.8)

where Πt
i = Ei + (A

N
− 1)xti + A

N

∑
j 6=i x

t−1
j for t = 1, 2, . . . T . Since they believe that

others contribute some ‘home-grown’ amount in the first period and the same as in

the previous in all other periods, L1 players do not anticipate that their own behavior

affects the behavior of others. Their behavior is therefore myopic and does not take

future periods into account when they choose the optimal contribution in a given period

via a maximization of U t
iL1 =

∑T
τ=t u

τ
iL1. In each period t L1 players face a trade-off

where contributing decreases the material payoff Πt
i but also decreases the disutility

from not matching the target contribution specified by what has already happened the

43This contains the case where these believed preferences are correct. In this special case we are in
a world of complete information with respect to others’ preferences. Note that all our results would
also hold (and could be derived more easily) in this case.
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period before. This is because L1 players believe others contribute in the current period

t the same as in the previous period t− 1.

L2 players best respond to L1 players and, in contrast to L1 players, they therefore

anticipate that their own behavior influences others’ behavior. Thus, in period t L2

players’ utility is

utiL2 = δi Πt
i − (1− δi)(xti − αi

E[
∑
j 6=i x

t
j(·,x

t−1
i )]∑

j 6=i Ej
Ei)

2 (4.9)

where Πt
i = Ei + (A

N
− 1)xti + A

N
E[
∑

j 6=i x
t
j(·, xt−1

i )].
∑

j 6=i x
t
j(·) is the sum of L1 play-

ers’ best response functions in period t which is drawn according to Fi(·), so that

E[
∑

j 6=i x
t
j(·, xt−1

i )] =
∫ ∑

j 6=i x
t
j(·, xt−1

i ) dFi(
∑

j 6=i x
t
j(·, xt−1

i )). More specifically, Fi(·) is

the distribution over the sum of best response functions of all other players and it is

determined by the joint distributions over the believed δ̃j and α̃j for each of the other

L1 players, where δ̃j and α̃j are independent random variables such that the density

fij(x
t
j(·, xt−1

i , αj, δj)) = fiα̃j(α̃j = αj)fiδ̃j(δ̃j = δj).
44 This simply captures the notion

that beliefs about others’ preferences may be represented by a distribution and are not

necessarily fixed to a single point. It results in a distribution over the believed best

response function for each other player. Summing these believed best responses over

all players yields Fi(·). To simplify notation, we will call
∫ ∑

j 6=i x
t
j(·) dFi(

∑
j 6=i x

t
j(·))

the believed
∑

j 6=i x
t
j(·). Again, in any period t the optimal contribution for L2 player

i is derived via a maximization of U t
iL2 =

∑T
τ=t u

τ
iL2.

According to (4.9), contributing does not only have the myopic effect as described

above for L1 players and what would be solely derived via a maximization of utiL2 instead

of U t
iL2, but additional effects for future utility. Contributions increase Πt+1

i as other L1

players will increase their contributions in the next period in response. These increased

contributions by others, however, also lead to more disutility if they are not matched

accordingly in the next period. This raises the question whether contributions of L2

players are higher (or lower) than what is myopically optimal. The difference between

optimal and myopic contributions is strategic over-contribution (or under-contribution).

So, contributions can be disentangled into two parts, myopic contributions and strategic

over-contributions. The latter can only exist for L2 players. Intuitively, if L2 player

i anticipates that a higher current contribution yields higher contributions by other

players j 6= i in later periods, it may well make sense for her to over-contribute although

44That δ̃j and α̃j are independent random variables is only used for simplicity. All our results

would hold and would even be stronger (in case of Proposition 4.8) if δ̃j and α̃j would be negatively
correlated.
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these higher contributions of others have to be matched by her own contribution in later

periods.

Proposition 4.1 L1 players do neither over- nor under-contribute and their contribu-

tions are equal to their myopic contributions in all periods. Contributions of L2 players

are not below myopic contributions, i.e. there is weak strategic over-contribution, in

period t 6= T if

A
N
≥ (1− A

N
)αi

Ei∑
j 6=i Ej

. (4.10)

In the last period T , L2 players’ contributions are equal to their myopic contributions,

i.e. there is no over-contribution.

Proposition 4.1 holds generally and does not require an interior solution, so there is

no restriction imposed on (δi, αi) or the believed (δ̃j, α̃j) for a given value of the other

variables. L1 players always contribute according to their myopic contributions, but L2

players do so only in the last period as future beliefs of others cannot be influenced by

own contributions anymore. In earlier periods (4.10) is sufficient for under-contribution

not to occur. A special case arises for δi = 1, where over-contribution is the only

motivation to contribute. Then, contributions of L2 players in the last period are

clearly zero, but such a player would contribute everything (nothing) in earlier periods

if the believed sum of the slopes of others’ best response functions is larger (smaller)

than (1− A
N

)/A
N

.45 By contrast, L1 players would not contribute anything. On the other

hand, if δi = 0, i.e. only social concerns are relevant, there will be no over-contribution

since matching others’ contributions is the only concern.

Since Proposition 4.1 also holds in the case where the first-order approach is not

valid in a certain period, imposing an assumption by which we can rely on an interior so-

lution in all periods allows us to obtain a clearer statement regarding over-contribution.

Assumption 4.1 In period t 6= T , players plan to have positive contributions in all

remaining periods, i.e. x∗ti , x
∗t+1
i , x∗t+2

i , . . . , x∗Ti > 0.

For the interior solutions of the maximization problem it is important what players plan

to do.46 However, all theoretical results describe what players actually will do as this

is of empirical interest. The next result refines Proposition 4.1 for L2 players.

45The reason for these boundary solutions in the case of δi = 1 lies in the fact that g(·) is linear in
xj .

46We omit notation that separates planned actions from actions, since it should be contextually
clear which one is used.
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Corollary 4.2 Suppose Assumption 4.1 holds. Then, L2 players over-contribute (nei-

ther over- nor under-contribute, under-contribute) in period t 6= T if and only if (4.10)

holds strictly (holds with equality, does not hold).

Contributing more now increases the marginal utility of L2 players in the next pe-

riod by A
N

, weighted by the believed sum of the slopes of others’ best response function

with respect to own contributions and the degree of selfishness. Given optimal contri-

butions in the next period, contributing more now also decreases marginal utility in the

next period by (1 − A
N

)αi
Ei∑
j 6=i Ej

, since this is what it costs to contribute more in the

next period to match others’ higher contributions. Again, it is weighted by the believed

sum of the slopes of others’ best response function and the degree of selfishness, but

neither determines the decision whether to over-contribute or not. They do, however,

determine the quantity of over-contribution. Both, a larger believed sum of the slopes

of others’ best response functions and more selfishness increases over-contribution if

(4.10) holds strictly. Note that over-contributions occur solely in the attempt to ma-

nipulate future beliefs of others. So, it is quite intuitive that more selfishness and a

larger reaction by others increases over-contribution.

The assumption used in Corollary 4.2 directly assumes an interior solution in all

remaining periods for the maximization problem in period t. Thus, Assumption 4.1

is arguably strong. We can, however, guarantee interior solutions with another set of

assumptions.

Assumption 4.2 In period t 6= T , players plan to have positive myopic contributions

in the last period T , i.e. x∗Ti > 0.

Assumption 4.3 Condition (4.10) holds, i.e. in period t 6= T players do not plan to

under-contribute in all remaining periods t, t+ 1, t+ 2, . . . , T .

Assumption 4.4 In period t 6= T , players do not plan to contribute more in all re-

maining periods k = {t, t + 1, t + 2, . . . , T} than the amount of perfect relative con-

ditional cooperation, i.e. x∗kiL1 ≤ Ei∑
j 6=i Ej

∑
j 6=i x

k−1
j ≤ Ei for L1 players, and x∗kiL2 ≤

Ei∑
j 6=i Ej

∫ ∑
j 6=i x

k
j (·) dFi(

∑
j 6=i x

k
j (·)) ≤ Ei for L2 players.

Assumption 4.4 restricts over-contribution not to be overly large. It cannot be

binding in the last period as players do not over-contribute. For the same reason, it

cannot be binding for L1 players. Assumption 4.3 says that (4.10) is satisfied such

that players do not under-contribute. Again, this is not important in the last period.

Assumption 4.2 presumes positive myopic contributions in the last period and since
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there are no strategic considerations in the last period, this is equivalent to assuming

positive contributions in the last period. Jointly, these assumptions imply Assumption

4.1.

Lemma 4.3 Assumptions 4.2, 4.3 and 4.4 imply Assumption 4.1.

That all our assumptions are formulated as plans has technical reasons. The draw-

back is that plans cannot be empirically observed but only actions. There is, how-

ever, nothing which would prevent planned actions to be actually executed.47 For

instance, planned as well as actual under-contribution cannot occur if (4.10) holds.

Assumption 4.3 is justified by our experimental design, so (4.10) holds strictly since
A
N

= 0.6 > 0.4 = 1 − A
N

, and Ei∑
j 6=i Ej

≤ 1. In Section 4.5 we will empirically assess

whether Assumptions 4.1, 4.2, and 4.4 are also reasonable.48 With the data from the

C-Experiment we can unambiguously support all of them. For expository reasons we

will, however, present the empirical analysis of these assumptions later in Section 4.5

before we test our derived hypotheses.

Because our empirical analysis supports these theoretical assumptions and since

(4.10) holds strictly in our experiment, we can base our first hypothesis not only on

Proposition 4.1 but additionally on Corollary 4.2. Given that there is a positive fraction

of L2 players, we should expect the following.

Hypothesis 4.1 There is over-contribution in all but the last period.

We now turn to the dynamics of contribution behavior and start with over-contribu-

tion. Since L1 players do not over-contribute, the following dynamics of over-contribution

only apply to L2 players.

Proposition 4.4 Suppose Assumptions 4.2 to 4.4 hold. Then, over-contributions in

period t are lower than in the previous period t− 1.

Note that in Proposition 4.4, we presumed that there is over-contribution. If (4.10)

holds with equality, there is no over-contribution which can change over time. As it

stands, Proposition 4.4 implicitly assumes that (4.10) holds strictly. Indeed, as we

47If we were in a world of complete information, i.e. L2 players would know the preferences of others,
it would even be the case that actual contributions being positive in period t (and Assumptions 4.4
and 4.3 being fulfilled) would imply that planned contributions for that period must have been positive
as well. The reason is that L2 players believe that others are L1 players. However, some others may
in fact also be L2 players who contribute at most equally as if they were L1 players. Hence, actual
contributions are at most as high as planned contributions.

48Note that empirically supporting Assumptions 4.2 and 4.4 means that Assumption 4.1 should
be empirically supported as well (by Lemma 4.3). The empirical support of all three assumptions is
therefore suggestive evidence that Lemma 4.3 holds.
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already showed in our experiment (4.10) holds strictly and we therefore expect over-

contributions to decrease over time. Since Proposition 4.4 implicitly assumes an interior

solution in all periods (by Lemma 4.3), it is assumed that δi is small enough (for a given

value of the other variables). For δi = 1, we get that over-contribution is either zero in

all periods or constant but dropping to zero in some period (at the latest in the last

period), however not increasing. For δi = 0, we already saw that there are no incentives

to over-contribute, so over-contributions will not change over time.

Intuitively, over-contribution is zero in the last period. In the second to last period,

there is over-contribution if L2 player i believes that these higher contributions will be

reciprocated in the last period, despite that these higher contributions in the last period

have to be matched. In the third to last period, i knows that over-contributing is optimal

in the second to last period, and hence over-contributing slightly more than one period

later is optimal if over-contribution in the second to last period was already optimal.

This reasoning continues until the first period, so clearly planned over-contributions

are decreasing. However, also actual over-contributions are decreasing as there is no

updating over time for the believed preferences of the other players and Assumption

4.4 assures that the believed sum of the slopes of others’ best response functions are

weakly decreasing.

Hypothesis 4.2 Over-contributions decline over time.

One of the most well-known patterns in the public goods literature is that contribu-

tions are declining over time. Contributions are composed of myopic contributions and

strategic over-contributions. We already considered (the dynamics of) over-contribution

and will now turn to the dynamics of myopic and total contributions.

Proposition 4.5 Suppose Assumptions 4.2 to 4.4 hold. Then, (myopic) contributions

of L1 and L2 players in period t are lower than in the previous period t− 1.

Myopic contributions in period t are determined by
∑

j 6=i x
t−1
j for L1 players and

by the believed
∑

j 6=i x
t
j(·, xt−1

i ) for L2 players. A necessary and sufficient condition for

myopic contributions to be weakly lower in period t than in t − 1 is that
∑

j 6=i x
t−1
j ≤∑

j 6=i x
t−2
j for L1 players and the believed

∑
j 6=i x

t
j(·, xt−1

i ) ≤
∑

j 6=i x
t−1
j (·, xt−2

i ) for L2

players. In turn, a sufficient condition for this to hold is that actual contributions of

all players are weakly decreasing. In fact, this is the case in all periods if subjects

do not cooperate more than perfectly (Assumption 4.4) and if over-contributions are

not increasing (Proposition 4.4), since then players contribute in period t an amount

at most equal in relative terms to observed relative contributions from the previous
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period t − 1 and the conditions assure that what players observe can never be higher

than what they observed in the previous period. With these two conditions fulfilled,

Proposition 4.5 holds weakly for all contribution paths, even if Assumption 4.2 does

not hold (because zero contributions trigger zero contributions). However, since we

could show the pattern of decreasing over-contributions only under Assumptions 4.2

to 4.4, we impose these assumptions in Proposition 4.5 in which case the proposition

even holds strictly for 0 < δi < 1. If δi = 0 or δi = 1, Proposition 4.5 again holds

weakly. Also note that (myopic) contributions will always ultimately decrease even if

over-contributions are increasing since the latter drop to zero in the last period.

Because the empirical analysis of Section 4.5 supports our assumptions, we can

state the following hypothesis.

Hypothesis 4.3 (Myopic) contributions decline over time.

In Appendix A we derive and discuss further theoretical results of our model that

are not testable with the specific design of our experiment, but which have been found

to hold in previous experiments. Among them are well-known and robust patterns

of the public goods literature. In Proposition 4.10 we show that increasing the ef-

ficiency of the public good (i.e. marginal per capita return) leads myopic as well as

over-contributions to increase and hence increases contributions of L1 and L2 players.

Increasing the group size (Proposition 4.11), increases over-contributions so that L2

but not L1 players increase their contributions. Over-contributions are also increased

if the number of periods increases (Proposition 4.12) so that again L2 but not L1 play-

ers increase their contributions. In one-shot public goods games (Proposition 4.13),

both L1 and L2 players contribute according to their myopic contributions, which can

well be positive. This is in stark contrast to an equilibrium model, where imperfectly

conditional cooperative players would also contribute zero in the one-shot version of

the game. In Propositions 4.14 and Corollary 4.15 we show that, perhaps surprisingly,

larger contributions are not necessarily made by L2 players who are less selfish. In con-

trast, less selfish L1 players always contribute more. Last, increasing the endowments

of all players (Proposition 4.16) increases myopic contributions, thus L1 and L2 players’

contributions are increased.

It is interesting to note that all results we discussed so far, do not rely on the

specific preference of relative conditional cooperation. That subjects condition their

own contribution on others’ relative rather than absolute contributions implies that

they somehow take differences in their endowments into account. An important fact for

such behavior may be that these endowments were randomly assigned in our experiment.

Other scenarios seem plausible where it may be the case that subjects only condition on
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contributions independent of endowments, for instance when endowments were really

earned so that subjects are made responsible for their endowments.49 Nevertheless, all

previous results still hold in this case.

Remark 4.6 Propositions 4.1 to 4.5 (including Corollary 4.2 and Lemma 4.3) and

Propositions 4.10 to 4.16 in Appendix A (including Corollary 4.15) would also hold if

players conditioned their own contribution not on relative but on absolute contributions

of others, i.e. ĝ(·) = αi

∑
j 6=i x

t
j

N−1
.

In case subjects rather conditioned on absolute contributions of others we could simply

set Ei = 1 and
∑

j 6=iEj = N − 1, and all results we derived or discussed so far would

still hold. The remaining results, however, only obtain in case subjects are relative

conditional cooperators. So, in the next two sections we focus on what a preference

for relative rather than absolute conditional cooperation implies for contribution be-

havior in the repeated public goods game. Behavior is affected by relative but not by

absolute conditional cooperation in the environments of heterogeneous and uncertain

endowments.

4.4.3 Heterogeneous Endowments

Under heterogeneous endowments it is the minority bias that has an effect on

contribution behavior. This minority bias can either act on player i (own minority

bias) and/or be anticipated by player i to act on another player j 6= i (anticipated

minority bias).

Own Minority Bias: Our P-Experiment showed that if player i is the minority

type, her matching of others relative contributions becomes (more) imperfect in the

sense that αi decreases. This has two effects in period t 6= T . Decreasing αi reduces

myopic contributions since it decreases the target amount aimed to be matched in the

current period. However, since it also decreases the target amount in the next period,

over-contributing now may become less harmful. Hence, the total effect of player i’s

minority bias on her contributions is unambiguous for L1 players, but is ambiguous

for L2 players. More specifically, the effect on over-contribution is ambiguous and

depends on the values of A
N

(efficiency of the public good), αi
Ei∑
j 6=i Ej

(marginal matching

target),
∑

j 6=i
∂xt+lj (·)
∂xt+l−1
i

(believed sum of slopes of others’ best response functions), and

T − t (number of periods left). With only one period left, one’s own minority bias

has a clearly positive effect on over-contribution in that period (T − 1) since there are

49In contrast to this, Cherry, Kroll, and Shogren (2005) show that contributions to the public good
are not any different when endowments were earned instead of randomly allocated.
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only myopic contributions in the last period T and these reduced myopic contributions

decrease the anticipated matching costs in period T − 1. However, as the number of

periods left increases, (4.10) holds strictly, and αi
Ei∑
j 6=i Ej

≤ 1 it becomes more and

more likely that the effect on over-contribution is rather negative. The reason is that

over-contributions in period t are determined by an optimal reaction to contributions in

period t+ 1. With only one period left, one’s own minority bias clearly decreases these

contributions, but with more periods left one’s own minority bias may increase these

contributions since not only myopic but also over-contributions are affected. Therefore,

the effect of one’s own minority bias on over-contribution is ambiguous in t < T − 1

and positive in t = T − 1.

Proposition 4.7 Suppose Assumptions 4.2 to 4.4 hold. Then, ceteris paribus, one’s

own minority bias decreases L1 players’ contributions in period t but has an ambiguous

effect on L2 players’ contributions in period t 6= T . In the last period T , one’s own

minority bias also decreases L2 players’ contributions.

In order to see how many left periods are needed such that one’s own minority

bias has a negative effect on over-contributions for L2 players, we calibrate the model

with reasonable parameter values of our experiment. From this calibration we are then

able to derive hypotheses for our experiment. The calibration shows that the effect

on over-contribution should be negative, and is thus in line with the effect on myopic

contributions, most of the time. Table 4.4 summarizes the results of this calibration.

The efficiency of the public good is not varied in our experiment and is A
N

= 0.6

throughout. The believed
∑

j 6=i
∂xt+lj (·)
∂xt+l−1
i

is varied and depends on the believed (δ̃j, α̃j).
50

The specific numbers implement reasonable lower and upper bounds as found in the

P-experiment (see Section 4.3). For instance, suppose the believed
∑

j 6=i
∂xt+lj (·)
∂xt+l−1
i

= 1,

then one’s own minority bias decreases over-contribution with two periods left if and

only if αi
Ei∑
j 6=i Ej

< 1
4
, and with three periods left if and only if αi

Ei∑
j 6=i Ej

< 0.61. Since
Ei∑
j 6=i Ej

= {1
4
, 1

3
, 1

2
, 2

3
, 1} in our experiment, the effect on over-contribution is negative in

most periods of the game.

50For simplicity, the calibration in Table 4.4 assumes that the believed sum of slopes of others’ best
response functions is constant over time, hence

∑
j 6=i(∂x

t+l
j (·)/∂xt+l−1

i ) ∀l. This holds in the model if
and only if the believed contribution path does not shift some best responses of others in the support of
Fij(·) into the corner solution. Otherwise, the believed sum of slopes of others’ best response functions
decreases over time, but is still always positive.
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Table 4.4: Own Minority Bias
Leading to Negative Over-
contribution for L2 Players

Believed T − t∑
j 6=i

∂xt+l
j (·)

∂xt+l−1
i

2 3 4

0.7 0.04 0.21 0.40

1 0.25 0.61 0.85

1.4 0.39 0.77 0.98

2 0.50 0.86 1.05

For given values of
∑

j 6=i
∂xt+lj (·)
∂xt+l−1
i

and T−t, each cell of Table 4.4 gives the critical value of

αi
Ei∑
j 6=i Ej

such that over-contribution is negative for all values smaller than this critical

value of αi
Ei∑
j 6=i Ej

.

For L2 players, one’s own minority bias has a negative effect on myopic contributions

in all periods, so the total effect on contributions is clearly negative in the last period T

and very likely to be negative early in the game. Using reasonable parameter values of

our experiment, one’s own minority bias should decrease over-contributions for almost

the entire game, so we expect average contributions over all periods to decline with

one’s own minority bias.

Proposition 4.7 requires a ceteris paribus assumption. This is a strong assumption

with respect to the same given believed sum of contributions of other players in period t,

i.e.
∑

j 6=i x
t−1
j for L1 players and

∑
j 6=i x

t
j(·, xt−1

i ) for L2 players, because the contribution

path may be different with one’s own minority bias being present. In fact, if the minority

bias decreases contributions early in the game, which is clearly the case since both L1

players and L2 players contribute less (see calibration), it would even reinforce the fact

that contributions are lower over all periods with the minority bias being present. This

is because the minority bias causes lower contributions in early periods and this leads to

lower (myopic) contributions in later periods even if there was no minority bias present

in these later periods.

Hypothesis 4.4 Contributions (over-, myopic, and total) of L and H types in groups

with, respectively, two H and two L types are lower than contributions of L and H types

in groups with, respectively, two L and two H types over all periods.

Hypothesis 4.4 isolates the effect of one’s own minority bias from an anticipated minority

bias as contributions are considered where only one’s own minority bias can be present

(L types in HH and H types in LL) or no bias at all (L types in LL and H types in HH).

Anticipated Minority Bias : Anticipating that others have a minority bias has

an unambiguous effect on contributions. L1 players cannot anticipate others’ minority
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bias as they only react to observed contributions from the previous period. So, the

anticipated minority bias can only indirectly affect L1 players’ contributions since ob-

served behavior may be affected if there are L2 players. L2 players, on the other hand,

can anticipate the minority bias of others. Other L1 players’ minority bias decreases

their contributions (since for them only myopic contributions are relevant) as well as

the slope of their best response functions. Thus, L2 players decrease their myopic as

well as over-contributions in response.

Proposition 4.8 Suppose Assumptions 4.2 to 4.4 hold. Then, ceteris paribus, the

anticipated minority bias weakly decreases L2 players’ contributions and has no effect

on L1 players’ contributions in period t.

The ceteris paribus assumption in Proposition 4.8 is again innocuous. Since the

anticipated minority bias decreases L2 players contributions early, reacting to these

decreased contributions in later periods means that L1 players also decrease their con-

tributions simply because they are on a different contribution path and even though

they cannot anticipate the minority bias of others. This reinforces the described ef-

fect in Proposition 4.8 since lower contributions of L2 players trigger lower (myopic)

contributions of all other players.

As stated in Proposition 4.8, the anticipated minority bias only weakly decreases L2

players’ contributions, because it may happen (depending on (δ̃j, α̃j)) that for another

player for whom the minority bias is anticipated L2 player i believes that the other

player’s best response is in the corner solution for all best responses in the support of

Fij(·). As a result neither the believed sum of others’ best responses nor the believed

sum of the slopes of these best response functions is affected. Hence, neither myopic

nor over-contributions are decreased. However, as soon as one of the best responses in

the support of Fij(·) is an interior solution, Proposition 4.8 holds strictly. Moreover, if

L2 players beliefs about others’ preferences are not any different across other players,

Proposition 4.8 will also hold strictly, since then Assumption 4.1 guarantees that at

least some of the best responses in the support of Fij(·) are in the interior. Since this

seems very likely and with a positive fraction of L2 players, we can formulate the next

hypothesis strictly. It should hold for subjects who anticipate the minority bias of other

players.

Hypothesis 4.5 Contributions (over-, myopic, and total) of L and H types in groups

with one L and one H type are lower than contributions of L and H types in groups

with, respectively, two L and two H types in all periods.
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While Hypotheses 4.4 and 4.5 only capture the isolated respective effects of one’s

own and the anticipated minority bias, the next hypothesis is concerned with the overall

effect of heterogeneous endowments. Over all periods both types of minority biases go in

the same direction. We can therefore expect an effect of heterogeneous endowments on

contribution behavior. With homogeneous endowments neither of the minority biases

exists.

Hypothesis 4.6 Heterogeneous groups (LLH and LHH) contribute less than homoge-

neous groups (LLL and HHH), so they are less efficient in providing the public good

over all periods.

Hypothesis 4.6 has interesting policy implications as it suggests that unequal income

distributions are not only per se lowering aggregate welfare, but also that they cause

less efficiency in increasing this welfare based on voluntary public goods provisions.

Most likely, however, precise income distributions are not common knowledge in groups

interacting in the provision of public goods. Such uncertainty is considered next.

4.4.4 Uncertain Endowments

So far, our analysis assumed certain endowments. We relax this assumption in this

section and instead assume that players only have beliefs about others’ endowments

that do not necessarily coincide with their true endowments. Players still know their

own endowments. Since we are interested in how systematic and stable deviations

of these beliefs from reality affect behavior, we abstract from issues of updating and

assume that believed endowments of others are fixed over time. In order for the absence

of endowments belief updating to be a reasonable assumption, we restrict beliefs in a

way such that the believed sum of others’ contributions never exceeds the believed

sum of others’ endowments.51 It is assumed that this holds for L1 and L2 players,

and also for L2 players’ beliefs about L1 players. Then, Propositions 4.1 and 4.4 and

Corollary 4.2 still hold if endowments are uncertain, but not necessarily Proposition

4.5 as players are relative conditional cooperators.52 In this section, we will derive an

effect of uncertain endowments that arises if believed endowments are higher or lower

than true endowments. We assume that players’ second-order belief, namely their belief

51This is implicitly assumed in Assumption 4.4 if we exchange
∑

j 6=iEj with∫ ∑
j 6=iEj dGi(

∑
j 6=iEj), where others’ endowments

∑
j 6=iEj are drawn according to the dis-

tribution Gi(·).
52The imposed restriction on the believed sum of others’ endowments is arguably strong when look-

ing at contribution dynamics. Therefore, our focus in this section rather lies in a specific comparative
statics effect that arises compared to certain endowments.
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about others’ beliefs about the endowments of others is the same as their own belief.

This is a reasonable assumption when players have the same information and know that

others have the same information as the one they have themselves.

Similar as with the effect of one’s own minority bias, opposing effects arise when L2

player i thinks others are richer than they actually are. Such a deviating belief decreases

myopic contributions since for a given contribution of others, their relative contribution

which is aimed to be matched decreases. At the same time over-contributions may

increase (and they definitely do so with only one period left) because the pain of over-

contributing due to matching higher contributions in the next period may decrease.

Thus, the effect on total contributions is ambiguous in a similar way as in Proposition

4.7 for L2 players, but is unambiguous for L1 players.

Proposition 4.9 Suppose Assumptions 4.2 to 4.4 hold. Then, ceteris paribus, thinking

others are richer (poorer) decreases (increases) L1 players’ contributions in period t

and L2 players’ contributions in the last period T . It decreases (increases) L2 players’

(over-) contributions in period t 6= T if one’s own minority bias decreases their (over-)

contributions.

By the calibration analysis of Proposition 4.7, we expect clearcut behavior under

uncertainty based on Proposition 4.9. Thinking others are richer decreases myopic and

should also decrease over-contributions for most periods and especially early in the

game. We would expect an even stronger effect on (myopic) contributions without the

ceteris paribus assumption. By contrast, thinking others are poorer increases myopic

and over-contributions and can even lead to a contribution path that is not decreasing

over time (as opposed to Proposition 4.5). Again, the effect on (myopic) contributions

would be even stronger without the ceteris paribus assumption.

Before formulating the next empirical hypothesis, it is important to investigate

whether there is a systematic bias in the beliefs about others’ endowments. Do sub-

jects in fact believe that others are poorer or richer than they actually are? This

constitutes an empirical question which we can answer with our C-Experiment data. In

the experiment, subjects knew that half of them had low and the other half had high

endowments. So, they may have had the belief that one of the group members is highly

and one lowly endowed. Then, subjects in LL believe to be in LH, so they believe to be

in a richer group, and subjects in HH believe to be in LH, thus believe to be in a poorer

group. In LLL and HHH, all subjects have wrong beliefs, and in LLH and LHH only

one subject has wrong beliefs. Nevertheless, subjects in poor groups (LLL and LLH)

believe that others are weakly richer than they are and subjects in rich groups (HHH
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and LHH) believe that others are weakly poorer than they are. The same effects would

arise if subjects believed to be in LL, LH, and HH with equal probability or with any

other symmetric probability distribution over these possibilities of others’ endowments.

In Section 4.5 we test whether this is indeed the case and find that subjects in poor

groups believe to be in a richer group and subjects in rich groups believe to be in a

poorer group than they actually are. Subjects’ beliefs are symmetrically distributed

around a group structure with one other being an L and one other being an H type.

Interestingly, such beliefs are (approximately) rational if subjects supposed a random

group assignment in the experiment.

Given this empirical observation, Proposition 4.9 implies that poor groups decrease

their over-, myopic, and total contributions while rich groups should increase their over-

, myopic, and total contributions due to deviating beliefs. We can test whether this is

indeed the case since we know subjects’ probabilistic beliefs about their group structure

in the C-Experiment.

Hypothesis 4.7 With uncertain rather than certain endowments, poor groups (LLL

and LLH) decrease their contributions (over-, myopic, and total), while rich groups

(LHH and HHH) increase their contributions (over-, myopic, and total) over all periods.

The effects are stronger in homogeneous groups (LLL and HHH) since the deviation of

beliefs is larger than in heterogeneous groups (LLH and LHH).

An interesting implication of Hypothesis 4.7 is that under uncertainty, the inequal-

ity of the overall income distribution increases compared to certain endowments. Hy-

pothesis 4.7 is derived for group behavior. Under uncertainty and given our observation

that subjects’ beliefs are symmetrically distributed around the LH group structure,

one’s own and the anticipated minority bias act on all group structures in the same way

since there is neither a reason nor an indication for subjects having not the same belief

distribution under uncertainty. In our analysis of the deviating beliefs in Section 4.5

one can actually see that there is not much updating going on in the belief distribution

for the different group structures, so that this pattern does no change much over time.

As an example, suppose that subjects believe to be paired with one L and one H player.

Then, L1 players can neither have their own nor an anticipated minority bias affecting

their behavior. L2 players believe that others have the same belief than the one they

have themselves so that they also do not execute their own or an anticipated minority

bias. More generally, symmetric beliefs guarantee that any type of minority bias does

not cause a distortion for the effect of uncertainty as described in Hypothesis 4.7 be-

cause such a bias would act on all groups in the same way. So, the uncertainty effect

is solely driven by the deviating beliefs as postulated in Proposition 4.9. Moreover, the



CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES 189

systematic difference between homogeneous and heterogeneous groups under certainty

should break down under uncertainty.

Hypothesis 4.8 Under uncertainty, heterogeneous groups (LLH and LHH) do not con-

tribute less than homogeneous groups (LLL and HHH), so they are equally efficient in

providing the public good over all periods.

4.4.5 Discussion

Before testing the derived hypotheses of this section, we will discuss two related

approaches in more detail, one theoretical by Ambrus and Pathak (2011) and one

empirical by Fischbacher and Gächter (2010), that share some of the presented results.

Ambrus and Pathak (2011) propose an equilibrium model where players are either

completely selfish or completely reciprocal. Selfish players in their model solely maxi-

mize their material payoff Πi. Reciprocal players solely maximize v(·), however with a

quite different target function g(·). Our non-equilibrium model builds upon the model

of Ambrus and Pathak (2011) in that we adopt their functional forms, namely m(y) = y

and v(·) = −(xi− g(·))2. However, besides obtaining non-equilibrium rather than equi-

librium predictions, our model differs from the model of Ambrus and Pathak (2011) in

several respects. First of all, they nicely focus on how the interaction of selfish and recip-

rocal types explains contribution dynamics in a repeated public goods game. Our focus

is rather on how the preference of imperfect conditional cooperation affects behavior.

We therefore allow types to be in between completely selfish and conditionally cooper-

ative and thereby account for the self-serving bias of conditional cooperation. Second,

they assume complete information about the types or preferences of other players. This

assumption is not necessary in our setup. Third, they need at least one selfish type to

generate contributions in the game while there are almost no restrictions on the type

distribution in our model.53 Fourth, the target contribution in their model is a function

of past and current contributions while we impose more structure on g(·) in that we

rather model conditional cooperation where the target contribution depends only on

the belief what others will contribute in the current period.54 Fifth, for their results it

is crucial that players stay together for the entire game since contributions are driven

by reciprocity over the history of the game. By contrast, our results would also obtain

if partners change each period as long as they would get contribution information about

53In our model, positive contributions cannot occur if all players are either purely selfish L1 players
or purely selfish L2 players with sufficiently selfish beliefs about other players.

54While it may well be reasonable that players retaliate or reward past behavior, we abstract from
such issues and solely focus on conditional cooperation for which it is only important in a given period
what the belief is about others’ contributions in that period.
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the new partners for the last period. So, while in their model strategic concerns are

driven by the known reciprocity of others, in our model strategic concerns rather arise

as a signal for future contribution behavior.

Despite these differences, some results are similar between Ambrus and Pathak

(2011) and our model. They show a weak decay of contributions and the positive effect

of increasing the efficiency of the public good. Further, they show that a larger time

horizon results in higher contributions (see Isaac, Walker, and Williams, 1994) and they

explain the ‘restart effect’ first stated by Andreoni (1988). If subjects treat the restarted

game as a new game with new initial beliefs in the first period, our model would also

be consistent with the ‘restart effect’. Besides that our model offers various additional

results, there is also one result where our model crucially differs from the model of

Ambrus and Pathak (2011). This is the one-shot prediction of the game. In their setup,

players contribute nothing while they contribute according to their myopic contributions

in our model. That players also contribute in one-shot public goods games is a common

finding in the literature (see e.g. Marwell and Ames, 1981). “Cooperation never falls

to zero, even in one-trial games or in the last period of multi-trial games when it can

never be selfishly rational to cooperate.” (Dawes and Thaler, 1988, p191) Nevertheless,

our level-k model could be seen as a short-run complement to the equilibrium model of

Ambrus and Pathak (2011), also because they need that subjects learn the exact type

of others which may require quite some time.

Our theoretical approach may also be seen as a complement to the empirical inves-

tigation on the dynamics of contribution behavior of Fischbacher and Gächter (2010).

Not only the design of our experiment builds upon their two-part design, but also their

empirical results are predicted by our theoretical model. They find that “[. . . ] subjects

behave according to a contribution pattern that is in between their elicited contribution

schedule and perfect conditional cooperation. Since most people’s elicited contribution

preferences lie below the diagonal, that is, below the schedule of perfect conditional co-

operators, this intermediate contribution pattern lies above the predicted cooperation.

This means that subjects are more conditionally cooperative in the C-Experiment than

predicted from their decisions in the P-Experiment.” (Fischbacher and Gächter, 2010,

p550) So, Fischbacher and Gächter (2010) also find over-contribution and that this

over-contribution is bounded above such that contributions never exceed the amount

of perfect conditional cooperation (our Assumption 4.4).55 Note that according to our

Proposition 4.1, over-contribution would also be optimal in the setup of Fischbacher

55Ambrus and Pathak (2011) assume the similar condition of ‘no over-reciprocation’ (Assumption
A5 in their model).
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and Gächter (2010) since Ei∑
j 6=i Ej

= 1
3

and A
N

= 0.4 in their experiment. Moreover, they

also find that over-contributions are somehow decreasing because ‘beliefs’ are found to

be more important in the first half of the experiment than in the second half, and in

later periods ‘predicted contributions’ become more important than ‘beliefs’. In their

setup with homogeneous endowments, perfect relative conditional cooperation directly

translates into contributions being equal to ‘beliefs’ about others’ contributions, and

what they call ‘predicted contributions’ is simply myopic contributions in our model.

Interestingly, with the help of simulation models, Fischbacher and Gächter (2010) fur-

ther show that beliefs decline because contributions decline and not vice versa, that

“[. . . ] preference heterogeneity is surprisingly unimportant in explaining the decay of

cooperation [. . . ]”, and that a belief formation process in which the belief in period t

is equal to others’ contributions in period t− 1 explains the data well.56 (Fischbacher

and Gächter, 2010, p553) All these findings are captured in our model.

However, there is one crucial difference between our setup and theirs. They use a

random stranger design while our experiment as well as our model relies on a partner

setup. Botelho et al. (2009) compare a random stranger to a perfect stranger design.

The former is usually intended to be a representation of the latter since perfect stranger

designs produce too little data. They find a significant difference between these two

designs with more free-riding under perfect stranger. “This is evidence that a Ran-

dom Strangers environment does not elicit the same behavior as a comparable Perfect

Strangers environment, and that the direction of the change in behavior is consistent

with the Perfect Strangers environment being more conducive to subjects viewing the

stage game as one-shot.” (Botelho et al., 2009, p261) They further review the litera-

ture on comparing random stranger to partner designs and stress that some of these

studies find no significant difference57, while other studies find contributions in partner

treatments are higher than in random stranger treatments (see also Gächter, 2007).

Nevertheless, contribution patterns are similar and differ mainly with respect to the

contribution level.

Sonnemans, Schram, and Offerman (1999) use a design where subjects in a group

gradually change and can never meet again afterwards, so their design changes from

partner to perfect stranger. The authors find that contributions (which is a binary

56Note that the preferred model of belief formation in Fischbacher and Gächter (2010) is, however,
one in which beliefs in period t are a weighted average of others’ contributions in period t− 1 and own
beliefs in period t− 1.

57More specifically, Botelho et al. (2009) classify the studies of Andreoni (1988, with new appropriate
econometric specification), Weimann (1994), Palfrey and Prisbrey (1996), Burlando and Hey (1997,
overall data), and Brandts and Schram (2001) as having found no difference, while Croson (1996) and
Keser and van Winden (2000) find that partners contribute more. See Andreoni and Croson (2008)
for another review.



192 CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES

decision) decrease when a change is approaching, that subjects leaving contribute less

than subjects staying, that subjects temporarily decrease their contributions in the

period they leave, that contributions are not influenced by the history but by the future

suggesting strategic forward looking behavior, and that beliefs about contributions are

highly correlated with contributions in the previous period. All these results are fully

consistent with our model.

The probabilities of being rematched in a random stranger design are quite low

(and thus probabilities of not being rematched are high), nevertheless subjects seem

to rather act as if being rematched with some positive probability than as if not being

rematched. Interestingly, the usual distortion of probabilities where low probabilities are

over-weighted and high probabilities are under-weighted further acts in this direction.

A probabilistic partner (or random stranger) setup would also induce over-contributions

in our model, although quantitatively less than our real partner setup. This could well

explain the level effect of studies which found a difference. By referring to the study

of Botelho et al. (2009), Fischbacher and Gächter (2010, p550) conclude that “one

potential explanation for why beliefs matter in addition to “predicted contribution”

is subjects’ willingness to invest in cooperation in order to induce high beliefs and

contributions in the population, even in our random matching design [. . . ].” This idea

is what we tried to capture in the model.

4.5 Results C-Experiment

We organize the empirical results of the repeated public goods game in the fol-

lowing way. Before testing our derived hypotheses, we first present the analysis of our

stated assumptions from the previous section and investigate how beliefs deviate under

uncertain endowments.

4.5.1 Assumptions

All our assumptions in Section 4.4 were formulated as plans. However, plans are

not observable but only actions. We can therefore only back our assumptions with

observed behavior. Since Assumption 4.3 is satisfied by our experimental design, we

only need to consider Assumptions 4.1, 4.2, and 4.4.

Assumption 4.1: We first turn to Assumption 4.1, for which we look at actual

contributions (Xa
tr) as observed from the C-Experiment, where tr = {c, u} stands for

the treatment, being either the uncertainty (u) or the certainty treatment (c). In all of

the periods from period 1 to 9, the mean and median actual contribution is positive,
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both under certainty and uncertainty. Most subjects have Xa
tr > 0 under certainty and

uncertainty in all nine periods. Over all nine periods, an average of 66% under certainty

and 62% under uncertainty have Xa
tr > 0 (with a maximum/minimum of 80%/52% and

72%/51% under certainty and uncertainty, respectively). The average value of actual

(or total) contributions over all subjects and all nine periods is Xa
c = 2.26 EMU and

Xa
u = 2.09 EMU.

Observation 4.3 Median contributions are positive in periods 1-9.

While Assumption 4.1 requires positive contributions in all periods, Observation 4.3

considers only the first nine periods. This is because the last period is considered in

the following analysis of Assumption 4.2.

Assumption 4.2: For Assumption 4.2 we look at myopic contributions in the

last period.58 In the C-Experiment predicted contributions (Xp
tr) represent myopic

contributions. Xp
tr are calculated from the individual contribution preferences based on

the P-Experiment, the beliefs about others’ contributions, and the actual probabilistic

beliefs about the group structure (only in the uncertainty treatment) as stated in every

period in the C-Experiment. Note that predicted contributions are the point predictions

that do not impose any assumptions like conditioning on averages or behaving relative

conditionally cooperative. The calculation is based on the exact stated preference of

each individual given others’ individual contributions (and not the average of their

contributions) in each specific group structure. Under certainty and uncertainty, the

mean and median predicted contribution is positive in the last period. Most subjects,

namely 58% under certainty and 67% under uncertainty, have Xp
tr > 0. The average

value of predicted (or myopic) contributions over all subjects under certainty is Xp
c =

1.77 EMU and it is Xp
u = 1.81 EMU under uncertainty.

Observation 4.4 Median myopic contributions are positive in period 10.

Assumption 4.4: Since we know subjects’ beliefs about others’ contributions in

every period, we can calculate the amount of perfect relative conditional cooperation

for every subject in every period and compare it to their actual contribution Xa
tr. Under

certainty, the calculation is such that the sum of these beliefs is divided by the sum

of others’ endowments, and multiplied by one’s own endowment. Under uncertainty,

the amount of perfect relative conditional cooperation is the sum of believed contri-

butions of others, divided by the linear combination of the believed sum of others’

endowments, and multiplied by one’s own endowment. The question we approach is

58In the model positive myopic contributions in the last period are necessary and sufficient for
positive contributions in the last period (see Observation 4.3).
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then whether subjects ever contribute more than what would be optimal under perfect

relative conditional cooperation. Fischbacher and Gächter (2010) and Neugebauer et

al. (2009) provide evidence under certain and homogeneous endowments that contribu-

tions lie below beliefs about others’ contributions. In their setup this finding is equal

to contributions being below the amount of perfect relative conditional cooperation.

Under certainty, we find that the z-values of a Wilcoxon signed-rank test are neg-

ative in all periods indicating that, indeed, contributions never exceed the amount of

perfect conditional cooperation. Further, over periods 1-9 contributions are significantly

below this amount (p = 0.0333; N = 28). Also in the last period 10, contributions are

significantly below the amount of perfect conditional cooperation (p = 0.0003; N = 28)

which is, however, not surprising since over-contribution should be absent in the last

period.59

Under uncertainty, we again observe that the z-values of a Wilcoxon signed-rank

test are negative in all periods. Although contributions over periods 1-9 are not sig-

nificantly below the amount of perfect relative conditional cooperation (p = 0.2034;

N = 32), they are significantly below this amount in period 10 (p = 0.0023; N = 32)

and also over all periods (p = 0.0963; N = 32).

Observation 4.5 Contributions are (weakly) below the amount that represents perfect

relative conditional cooperation in periods 1-10.

Endowment Beliefs : Under uncertainty it is important what subjects believe

about their group members’ endowments, since any deviation of this belief from reality

affects contribution behavior compared to certainty. Figure 4.2 shows how correct

subjects’ beliefs are in the C-Experiment. The variable ‘deviation of beliefs’ measures

how realistic subjects’ beliefs about the endowments of their group members are. For

instance, consider a subject who has group members that are both L types. If this

subject believed to be in HH with probability 1, her belief would deviate by 100% from

reality. If she believed to be in LH with probability 1, her belief would deviate by

50%, and if she believed to be in LL with probability 1, her belief would not deviate

(i.e. deviate by 0%).60 Since subjects know that half of the subjects in the experiment

are L types and the other half are H types and that there are three possible group

59Of course, over all periods contributions are also significantly below the amount of perfect condi-
tional cooperation (p = 0.0074; N = 28).

60We restricted beliefs to be certain in this example for illustration only. Since subjects in the
C-Experiment stated their probabilistic beliefs about their group members’ endowments, the variable
‘deviation of beliefs’ is calculated as a linear combination of the different group structures that give
100%, 50%, or 0% deviation. For instance, if this subject believed to be in LL with 33% probability,
in LH with 33% probability, and in HH with 34% probability, her belief would also deviate by 50%.
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Figure 4.2: Deviation of Beliefs about Group Structure from Reality

structures each subject could possibly be in, they mostly start out with a symmetric

belief around LH. Hence, subjects who actually are in LH have realistic beliefs since

positive and negative deviations cancel out. Subjects who actually are in LL or HH

start out with beliefs that deviate by about 50% from reality. Over the ten periods,

there is not much updating. Subjects in LH more or less keep their realistic beliefs,

and subjects in LL and HH mostly keep their deviating beliefs. However, subjects in

HH update better than subjects in LL, since they sometimes get informative signals of

contributions exceeding 4 EMU.

Figure 4.2 also displays whether the deviation of beliefs is positive or negative, i.e.

whether subjects incorrectly believe to be in a poorer (negative) or richer (positive)

group than they actually are. Subjects in LL think they are in a richer group than they

actually are and subjects in HH think they are in a poorer group than they actually

are. The effect of deviating beliefs is strongest in LLL and HHH groups since individual

effects of all group members go in the same direction. Moreover, the fact that subjects

with other group members being HH exhibit more realistic beliefs than subjects who

have LL group members suggests that the impact of deviating beliefs is larger for poor

groups. Note that although updating is rather small, this leads to a slight asymmetry

of the effect of uncertainty as predicted by Hypothesis 4.7, namely that poor groups

lose more than rich groups gain through the uncertainty.

In order to see whether the observed patterns in Figure 4.2 are statistically signifi-

cant we can perform t-tests. Subjects in LL have beliefs that significantly deviate from

reality in all periods (0.0001 ≤ p ≤ 0.0003; N = 16). The same holds for subjects in

HH (0.0001 ≤ p ≤ 0.0021; N = 16). In contrast, subjects in LH have beliefs that do not

significantly deviate from reality in almost all periods ((0.1546 ≤ p ≤ 0.8214 in periods
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1-8; p = 0.0740 in period 9; p = 0.0153 in period 10; N = 16). Belief deviations over

all periods are significantly different from zero when others are LL or HH (p = 0.0001;

N = 16), but not when others are LH (p = 0.2091; N = 16).

Furthermore, belief distributions are symmetric around LH in all periods. Since

each subject stated her probabilistic belief about others being LL, LH, and HH in each

period, we can perform Wilcoxon signed-rank tests in order to see whether the stated

probability to be in LL is any different from the stated probability to be in HH. There

is no period where this difference is significant (0.2420 ≤ p ≤ 0.9386; N = 32) and

the z-values are positive in five periods and negative in five periods. Over all periods,

subjects believe to be in LL with 30%, in HH with 31%, and in LH with 39% probability.

Again, over all periods no significant difference between LL and HH is observed when

performing Wilcoxon signed-rank tests (p = 0.8895; N = 32).

Observation 4.6 Under uncertainty, subjects with poor (LL) group members believe

to be in a richer group and subjects with rich (HH) group members believe to be in a

poorer group than they actually are in periods 1-10. Subjects’ beliefs are symmetrically

distributed around a group structure with one other being an L and one other being an

H type in periods 1-10. Thus, subjects with mixed (LH) group members do not have

deviating beliefs.

While Observations 4.3, 4.4, and 4.5 are needed to justify the respective Assump-

tions 4.1, 4.2, and 4.4, which are used for some of the theoretical results, Observation 4.6

is solely needed for deriving empirical hypotheses and not as a justification of theoretical

results.

4.5.2 Hypotheses

Having shown that the assumptions we presumed in the previous section to derive

theoretical results and hypotheses thereof are empirically justified, we can now turn

to the empirical analysis of these hypotheses. As Hypotheses 4.1 to 4.6 were derived

under the assumption of certain endowments, we will present the corresponding results

based on the data from the certainty treatment and only use the uncertainty treatment

for comparison. By contrast, Hypotheses 4.7 and 4.8 are especially concerned with the

effects of uncertain endowments, so respective results are based on the data of both

treatments.
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Strategic Over-Contribution

In the C-Experiment strategic over-contribution is calculated as the difference be-

tween predicted contributions (Xp
tr) and actual contributions (Xa

tr). Strategic over-

contribution is then defined as SOCtr = Xa
tr − X

p
tr. Under certainty, we observe that

the z-values of a Wilcoxon signed-rank test are positive in all but the last period, so

under-contribution never occurs in period t 6= T . Over the first nine periods SOCc

is significantly positive (p = 0.0157; N = 28) but not in period 10 as predicted by

Hypothesis 4.1.61

Result 4.7 [Hypothesis 4.1] Strategic over-contribution is positive in periods 1-9 but

not in period 10.

Result 4.7 is further visualized in Figure 4.3. The actual contribution schedule

in periods 1-9 lies between predicted (or myopic) contributions and the contributions

that would be optimal under perfect relative conditional cooperation (see Observation

4.5).62

Figure 4.3: Contributions under Certainty: Myopic, Total, and Perfectly Cooperative

61Note that there is even significant under-contribution in period 10 (p = 0.0002; N = 28) showing a
specific end-game effect not captured by our model which would have predicted zero over-contribution
in the last period.

62Under uncertainty and also consistent with our model, the z-value of a Wilcoxon signed-rank test
is positive over periods 1-9, though not significantly (p = 0.6298; N = 32). As under certainty, there
is no over-contribution in period 10, but significant under-contribution (p = 0.0001; N = 32).
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Decreasing Contributions

Figure 4.3 further shows that actual (or total) contributions are decreasing over

time. The Spearman’s rank order correlation coefficient is ρ = −0.3075 (p = 0.0000;

N = 280). Over-contribution, represented by the difference of actual and predicted

contributions, is also decreasing in Figure 4.3 and its Spearman rank order correlation

coefficient is ρ = −0.1575 (p = 0.0083; N = 280).63 Moreover, it can be seen that

predicted (or myopic) contributions are decreasing as well, with a Spearman rank order

correlation coefficient of ρ = −0.1256 (p = 0.0030; N = 280).64

Result 4.8 [Hypotheses 4.2 and 4.3] Contributions (over-, myopic, and total) are de-

creasing over time.

While Results 4.7 and 4.8 could have obtained under absolute conditional cooper-

ation as well (as pointed out by Remark 4.6), the remaining results only obtain under

relative conditional cooperation since they are concerned with the effects of making

endowments uncertain and heterogeneous. Before considering the general efficiency

of the public goods provision within these two treatment variations, we first focus on

the specific hypotheses that test isolated theoretical results of the underlying effects at

work.

Minority Bias Effects

With heterogeneous endowments, the minority bias can either directly affect sub-

jects or be anticipated to affect other subjects and thereby causing an indirect effect.

Under certainty, only subjects in specific groups can experience a minority bias. We

start with Hypothesis 4.4 which focused on the effect of one’s own minority bias. We

hypothesized that contributions over all periods should be lower with one’s own mi-

nority bias at work. Indeed, subjects for whom only one’s own minority can affect

cooperation have lower contributions in eight out of ten periods than players with no

possible bias. Using a Mann Whitney U test, we find that over all periods subjects with

an own minority bias (L types in HH and H types in LL) contribute significantly less

63Note that the reported correlation coefficients use individual contributions in each period and not
the average contributions as displayed in Figure 4.3. Using average contributions instead yields much
higher correlations.

64While Result 4.8 is derived for the certainty treatment, we obtain similar results (which are again
consistent with our model) for the uncertainty treatment, where ρ = −0.2228 (p = 0.0001; N = 320)
for total contributions, ρ = −0.1517 (p = 0.0065; N = 320) for over-contributions, and ρ = −0.0712
(p = 0.0273; N = 320) for myopic contributions.
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in relative terms than subjects without any bias (L types in LL and H types in HH)

(p = 0.0605; N = 28).65

Result 4.9 [Hypothesis 4.4] Relative Contributions of L and H types in groups with,

respectively, two H and two L types are lower than relative contributions of L and H

types in groups with, respectively, two L and two H types over periods 1-10.

We now turn to the anticipated minority bias. Hypothesis 4.5 suggested that players

who can only anticipate the minority bias of other players should contribute less than

players without any bias. Indeed, this is what we find. In nine out of ten periods

anticipating the minority bias of others results in lower contributions. A Mann Whitney

U test shows that over all periods subjects who anticipate the minority bias of other

subjects (L types in LH and H types in LH) have significant lower relative contributions

than subjects without any bias (L types in LL and H types in HH) (p = 0.0649;

N = 28).66

Result 4.10 [Hypothesis 4.5] Relative Contributions of L and H types in groups with

one L and one H type H are lower than relative contributions of L and H types in groups

with, respectively, two L and two H types over periods 1-10.

Effects of Deviating Beliefs

Next, we consider the model’s uncertainty prediction as claimed in Hypothesis 4.7.

In doing so, we first consider myopic contributions, then over-contributions, and finally

total contributions.

Myopic Contributions: In discussing strategic over-contribution we used the

variable predicted contributions (Xp
tr) which corresponds to myopic contributions. Un-

der uncertainty, this variable is calculated as under certainty except that now the actual

probabilistic beliefs about the group structure are taken into account. These beliefs were

shown to be deviating from the true group structure in a systematic fashion (see Obser-

vation 4.6). Since such predicted contributions measure the myopic contributions under

these deviating beliefs, we want to know how the myopic contributions would look like

had subjects correct beliefs. So, we have to compare the predicted contributions that

are based on actual and often deviating beliefs to predicted contributions that would

65We do, however, not observe significant differences in relative contributions between these two
groups of subjects with regard to over-contributions and myopic contributions.

66Here, we do not observe a significant difference in relative contributions between these two groups
of subjects with regard to myopic contributions, but we do with respect to over-contributions. Subjects
anticipating the minority bias over-contribute significantly less over all periods than subjects without
a bias (p = 0.0294; N = 28).
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have occurred if subjects had held the correct beliefs about their group structure. We

will call the latter type of predicted contributions hypothetical contributions (Xh
tr).

67

The difference between predicted (Xp
u) and hypothetical (Xh

u ) contributions gives

the net amount that subjects myopically contributed more or less under uncertainty

because of their deviating beliefs. We refer to this difference as DOBu = Xp
u−Xh

u . For

subjects in LL we expect DOBu < 0 since they would give more if they knew others’

true endowments. For subjects in HH it should hold that DOBu > 0, since they would

give less if they knew others’ true endowments. We expect subjects in LH to have

DOBu = 0 since their belief is (more or less) correct. Under certainty, beliefs cannot be

wrong, Xp
c = Xh

c , and therefore DOBc = 0. So, the difference in myopic contributions

between uncertainty and certainty, which is caused by deviating beliefs, is captured by

∆DOB = DOBu −DOBc = DOBu.

Over all periods, we find that poor groups myopically contribute less under uncer-

tainty and rich groups myopically contribute more because of their deviating beliefs.

The ∆DOB is -0.24 EMU for LLL, -0.03 EMU for LLH, 0.11 EMU for LHH, and

0.27 EMU for HHH. When performing Mann Whitney U tests, we find that the dif-

ferences for homogeneous groups are significant, but they are not for heterogeneous

groups (p = 0.0240 for LLL, p = 0.6432 for LLH, p = 0.2196 for LHH, and p = 0.0176

for HHH; N = 8). Pooling poor and rich groups, ∆DOB is significantly different

from zero for LLL/LLH (p = 0.0507; N = 16) but not for LHH/HHH (p = 0.6412;

N = 16). The absolute value of ∆DOB is larger in homogeneous groups (LLL/HHH),

namely |∆DOB| = 0.51 EMU, than heterogeneous groups (LLH/LHH) where it is

|∆DOB| = 0.14 EMU. These findings of the effect of deviating beliefs on myopic con-

tributions are in line with Hypothesis 4.7. In LLL, all subjects have DOBu < 0.

Likewise, all subjects in HHH have DOBu > 0. So, all individual effects go in the same

direction in homogeneous groups. By contrast, in heterogeneous groups individual ef-

fects do not go in the same direction. To see this, consider first an LLH group. L types

in this group are in LH leading to DOBu = 0, and the H type in this group is in LL

leading to DOBu < 0. So the total effect for the LLH group should be slightly negative.

Second, consider the LHH group. Here, the L type is in HH leading to DOBu > 0, and

67Hypothetical contributions are calculated from the individual contribution preferences (elicited
in the P-Experiment), the beliefs about others’ contributions in each period (elicited in the C-
Experiment), and under the assumption of correct beliefs about the group structure. Both predicted
and hypothetical contributions are the point predictions that do not impose any specific assumption
on cooperation preferences (like conditioning on averages or relative conditional cooperation). Again,
the calculation is based on the exact stated preference of each individual given others’ individual
contributions in each specific group structure.
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both H types are in LH leading to DOBu = 0. Thus, the total effect in LHH should be

slightly positive.

Over-Contributions : The same patterns should be observed when considering

strategic over-contribution. We denote the difference in over-contributions between

the uncertainty and certainty treatment as ∆SOC = SOCu − SOCc. ∆SOC is -0.56

EMU (p = 0.0178; N = 15) for LLL, -0.11 EMU (p = 0.0526; N = 15) for LLH, 0.04

EMU (p = 0.2640; N = 15) for LHH, and 0.26 EMU (p = 0.0874; N = 15) for HHH.

Note that all differences are significant using a Mann Whitney U test, except for LHH.

Pooling poor and rich groups, ∆SOC is significantly different from zero for LLL/LLH

(p = 0.0387; N = 30) but not for LHH/HHH (p = 0.8680; N = 30). The absolute

value of ∆SOC is larger in homogeneous groups (LLL/HHH), namely |∆SOC| = 0.82

EMU, than in heterogeneous groups (LLH/LHH) where it is |∆DOB| = 0.15 EMU.

Therefore, the results on over-contributions seem also to be in line with Hypothesis 4.7.

Strategic over-contribution captures the amount subjects contribute more in a re-

peated set-up given their one-shot preferences and actual beliefs. The previous analysis

on ∆DOB showed that poor (rich) groups would myopically contribute more (less)

under uncertainty if they had correct beliefs. Thus, the SOCu of poor groups would be

higher and therefore ∆SOC would be less negative if subjects had correct beliefs. So,

∆SOC includes the myopic effect caused by deviating beliefs, which is ∆DOB. For

rich groups we showed that they would myopically contribute less if they had correct

beliefs. Hence, the SOCu of rich groups would be lower and the ∆SOC therefore less

positive. Again, ∆SOC includes the myopic effect caused by deviating beliefs.

In order to isolate the pure effect of deviating beliefs on strategic over-contribution,

we can use the variable net strategic over-contribution, denoted NSOCtr. Net strategic

over-contribution (NSOCtr) is the amount subjects would over-contribute if they had

correct beliefs, namely NSOCtr = Xa′
tr −X

p
tr, where Xa′

tr = Xa
tr + (Xh

tr−X
p
tr). The term

in brackets is the amount subjects would myopically contribute more (poor groups)

or less (rich groups) if they had correct beliefs.68 Under certainty, NSOCc = SOCc

since DOBc = 0. We denote the difference in net strategic over-contribution between

the uncertainty and certainty treatment as ∆NSOC = NSOCu − NSOCc. Using

Mann Whitney U tests, we find that ∆NSOC is significantly negative for LLL, but we

do not observe a significant difference for the other groups.69 Thus, when completely

disentangling the effect of deviating beliefs on over-contributions from the effect on

68Note that SOCtr = NSOCtr + DOBtr ⇔ DOBtr = SOCtr − NSOCtr = [Xa
tr − X

p
tr] − [Xa

tr +
(Xh

tr −X
p
tr)−Xp

tr] = Xp
tr −Xh

tr. Under certainty, Xp
c −Xh

c ⇔ Xa
c = Xa′

c and hence SOCc = NSOCc.
69The ∆NSOC is -0.31 EMU (p = 0.0732; N = 15) for LLL, -0.07 EMU (p = 0.3092; N = 15) for

LLH, -0.08 EMU (p = 0.4514; N = 15) for LHH, and -0.01 EMU (p = 0.7894; N = 15) for HHH.
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Figure 4.4: Group-Specific Contribution Differences between Certainty and Uncertainty

myopic contributions, we only observe a significant effect in line with Hypothesis 4.7

for poor homogeneous groups. For the other groups, the effect is not significant.

Total Contributions : Last and most importantly, we consider actual contribu-

tions and turn to the question whether rich and poor groups totally contribute more or

less under uncertainty than under certainty. Figure 4.4 shows the treatment differences

(uncertainty minus certainty) of group-specific absolute contributions over the ten pe-

riods. Roughly speaking, rich groups gain from the uncertainty and contribute more,

whereas poor groups lose from making endowments uncertain and contribute less. The

average treatment difference over the ten periods is -0.94 EMU for LLL, -0.37 EMU

for LLH, -0.03 EMU for LHH, and 0.51 EMU for HHH. With a Mann Whitney U test,

these treatment differences deviate significantly from zero only for homogeneous groups

(p = 0.0000 for LLL, p = 0.1536 for LLH, p = 0.1204 for LHH, and p = 0.0622 for

HHH; N = 15). When pooling rich and poor groups, we find that poor groups con-

tribute significantly less under uncertainty while rich groups’ larger contributions under

uncertainty are not significant (p = 0.0021 for LLL/LLH, p = 0.4515 for LHH/HHH;

N = 30). Treatment differences for poor groups are significantly larger than for rich

groups (p = 0.0047 for LLL/LLH vs. LHH/HHH; N = 60).70 This is due to the fact

that there is slight updating of endowment beliefs in rich groups since here subjects

sometimes get informative signal (see Observation 4.6). Hence, over all periods the

beliefs of subjects in rich groups do not deviate as much as the beliefs of subjects in

70We can further test whether these treatment differences differ between the various group struc-
tures. Here we find that treatment differences are significantly different between all group structures
except between LLH vs. LHH and LHH vs. HHH (p = 0.0782 for LLL vs. LLH, p = 0.0176 for LLL vs.
LHH, p = 0.0000 for LLL vs. HHH, p = 0.3378 for LLH vs. LHH, p = 0.0646 for LLH vs. HHH, and
p = 0.1740 for LHH vs. HHH; N = 30).
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Figure 4.5: Explaining Treatment Effects

poor groups. The absolute value of the treatment differences with respect to total con-

tributions is larger in homogeneous groups (LLL/HHH), namely 1.45 EMU, than in

heterogeneous groups (LLH/LHH), where it is 0.40 EMU.

Since the analysis above shows that contribution behavior with respect to over-,

myopic, and total contributions is mainly in line with Hypothesis 4.7, we can formulate

our result on the effects of deviating beliefs.

Result 4.11 [Hypothesis 4.7] With uncertain rather than certain endowments, poor

groups decrease their contributions, while rich groups increase their contributions over

periods 1-10. The effects are stronger in homogeneous than in heterogeneous groups.

The next question we will approach is whether our explanation, namely that sub-

jects have deviating beliefs, also quantitatively captures the treatment differences in ac-

tual contributions reasonably well. We outlined that ∆SOC captures two effects, since

∆SOC = ∆NSOC+∆DOB. Deviating beliefs have a pure effect on over-contributions,

i.e. ∆NSOC, as well as a pure effect on myopic contributions, i.e. ∆DOB. Since our ob-

jective is to explain the results from the C-Experiment, we now have to compare ∆SOC

to the treatment effects. The gray bars in Figure 4.5A illustrate ∆SOC graphically for

all group structures. The black bars in Figures 4.5A and 4.5B depict our treatment dif-

ferences from the C-Experiment, namely Xa
u −Xa

c . Roughly speaking, they show that

poor groups contribute less under uncertainty and rich groups contribute more than

under certainty. Figure 4.5A shows that the ∆SOC captures the observed treatment

effects reasonably well. In Figure 4.5B, ∆SOC is split graphically into its components,

∆NSOC and ∆DOB. The shaded bars capture the amount explained by net (strategic)

over-contribution and the white bars capture the myopic effect of deviating beliefs.
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Having identified the specific driving forces at work under heterogeneous and un-

certain endowments, we now turn to the total effects of these driving forces on general

contribution behavior.

Efficiency under Heterogeneous and Uncertain Endowments

Figure 4.6 shows group-specific mean contributions over the ten periods relative

to the total group endowment. This determines how efficient a group is in providing

the public good in the two treatments. Under certainty and turning to Hypothesis 4.6,

there is a U-shaped relationship between the number of H types in a group and the ef-

ficiency of the group. LLL groups contribute on average 40% of their endowment, LLH

groups 32%, LHH groups 31%, and HHH groups contribute 43% of their endowment.

Thus, heterogeneous groups are less efficient than homogeneous groups. When testing

these differences with Mann Whitney U tests, we find that they are significant between

homogeneous and heterogeneous groups but not within these two categories.71 Pool-

ing homogeneous and heterogeneous groups, LLL and HHH have significantly higher

relative contributions than LLH and LHH (p = 0.0098; N = 28).

Result 4.12 [Hypothesis 4.6] Under certainty, heterogeneous groups contribute rela-

tively less than homogeneous groups over periods 1-10, so they are less efficient in

providing the public good.

Under certainty, Result 4.12 is consistent with the existing literature. Most studies

show that endowment heterogeneity decreases cooperation (for an overview see Ledyard,

1995; or Zelmer, 2003). For instance, Cherry, Kroll, and Shogren (2005) also use a linear

public goods game and find that contributions are significantly lower in heterogeneous

(33.1% of endowment) than in homogeneous groups (42.1% of endowment). Note that

we find 31.4% and 41.8%, respectively. Anderson, Mellor, and Milyo (2008) vary the

distribution of a fixed payment for participating in the public goods experiment and

also find that inequality reduces contributions. In a field experiment, Cardenas (2003)

examines the effect of real wealth on cooperation. Villagers in rural Columbia knew

each other and others’ wealth that they brought into the public goods experiment.

Again, increased inequality decreased contributions.

Under uncertainty, it can be seen in Figure 4.6 that the relationship between the

number of H types and group efficiency is not U-shaped anymore, but becomes increas-

71Note that this holds with the exception of LLL vs. LLH where the difference is marginally in-
significant. For the comparisons of homogeneous vs. heterogeneous groups we find p = 0.1182 for LLL
vs. LLH, p = 0.0395 for LLL vs. LHH, p = 0.0822 for HHH vs. LLH, and p = 0.0379 for HHH vs. LHH;
N = 14. Within these two categories we get p = 0.9750 for LLL vs. HHH and p = 0.9483 for LLH vs.
LHH; N = 14.
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Figure 4.6: Group Efficiency under Certainty and Uncertainty

ing in the number of H types. The effect of heterogeneous endowments under certainty

(less efficiency than with homogeneous endowments) breaks down under uncertainty.

Instead, it becomes important how rich a group is. LLL groups now contribute on

average only 17% of their endowment, LLH groups 25%, LHH groups 31%, and HHH

groups contribute 50% of their endowment. The efficiency differences between groups

under uncertainty are all significant using Mann Whitney U tests, with two marginally

insignificant exceptions.72 Clearly, the richer a group the more efficient it is in provid-

ing the public good. When pooling homogeneous and heterogeneous groups, we now

observe under uncertainty that LLL and HHH do not have significantly higher relative

contributions than LLH and LHH anymore (p = 0.1724; N = 32).

Result 4.13 [Hypothesis 4.8] Under uncertainty, heterogeneous groups do not con-

tribute relatively less than homogeneous groups over periods 1-10, so they are equally

efficient in providing the public good.

Figure 4.6 further shows that under uncertainty poorer groups are much less ef-

ficient and richer groups are slightly more efficient than under certainty. Figure 4.6

therefore complements Figure 4.4 in that average relative contributions rather than

per-period absolute contributions are considered.73 Furthermore, it suggests that cer-

tain endowments in homogeneous groups yield the highest overall efficiency.

72p = 0.1181 for LLL vs. LLH, p = 0.0001 for LLL vs. LHH, p = 0.0004 for LLL vs. HHH, p = 0.1429
for LLH vs. LHH, p = 0.0003 for LLH vs. HHH, and p = 0.0004 for LHH vs. HHH; N = 16.

73Again, the difference between certainty and uncertainty is however significant only for homoge-
neous groups but not for heterogeneous groups. Testing the differences in efficiency between certainty
and uncertainty with a Mann Whitney U test, we find p = 0.0000 for LLL, p = 0.2406 for LLH,
p = 0.3561 for LHH, and p = 0.0563 for HHH; N = 15.
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By Result 4.11 we know that uncertainty has opposing effects on poor and rich

groups. The analysis on deviating beliefs showed that these adverse effects are somewhat

asymmetric because beliefs deviate more in poor groups. In our experiment, we had an

equal number of groups for each group structure in each treatment. We therefore expect

that the total effect of uncertain endowments over all groups is slightly negative. Figure

4.7 illustrates contribution behavior under the certainty and uncertainty treatment

in all ten periods. The mean contribution over all ten periods is 2.00 EMU in the

uncertainty treatment and 2.21 EMU in the certainty treatment. This difference of

9.5% less contribution in the uncertainty treatment is, however, not significant when

performing a Mann Whitney U test (p = 0.1891; N = 60).

Figure 4.7: Contributions under Certainty and Uncertainty

Figure 4.7 suggests that uncertainty about others’ endowment levels does not have

much of an effect on cooperation. In fact, this is what the sparse literature touching

endowment uncertainty concludes. Isaac and Walker (1988) use a linear public goods

game and find that mean contributions under certainty are 8.2% higher (though not

significantly) than under uncertainty. Their interest in the effects of communication,

however, may have confounded these results.74 Chan et al. (1999) are also interested

in the effects of communication. They use a non-linear public goods setting and find

that uncertainty has a small but significant negative effect (7.4% less) on mean contri-

butions.75 Levati, Sutter, and van der Heijden (2007) use a linear public goods game

to study the effects of leadership. They do not find any effect of uncertainty on contri-

butions without a leader. However, in their uncertainty setting subjects knew the total

74Isaac and Walker (1988) find 18% higher levels of contributions with homogeneous than with
heterogeneous endowments. These findings are also similar to our results under certainty.

75In their setup without communication and without preference heterogeneity, they also find 16%
higher mean contributions with homogeneous than with heterogeneous endowments.
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group endowment, and since we find that subjects condition their own contribution

on others’ relative average contribution, they indeed should not see any difference in

contributions between certainty and uncertainty based on our results. Van Dijk and

Grodzka (1992) use a one-shot step-level public goods setting where they are interested

in contribution rules. All groups in their experiment consisted of two H and two L

types. They find no effect of uncertainty on actual contributions. However, in their

uncertainty treatment subjects were not informed about any endowment asymmetry.

So, subjects probably believed that endowments were symmetrically distributed. With

subjects being relative conditional cooperators, L types should myopically contribute

more and H types less compared to certainty. Strategic over-contribution should be ab-

sent in a one-shot public goods game, so it is not surprising that van Dijk and Grodzka

(1992) do not find an overall effect of uncertainty.

None of these studies has attempted to examine the specific effects of uncertainty

on groups and types. Although our result is consistent with these studies in that there

is only a slight negative effect of uncertainty on the overall level, we showed that this

is due to two opposing effects canceling each other. Moreover, despite the overall effect

is almost neutralized, uncertainty causes inequality to increase compared to certainty.

When measuring inequality in the income distribution over all subjects via the Gini

coefficient76, we find that cooperation causes inequality to decrease in both treatments,

but much less so under uncertainty. Without any cooperation, the Gini coefficient is

0.167. It decreases in both treatments, to 0.154 in the certainty treatment and to 0.161

in the uncertainty treatment.

Note that the two opposing effects arising for uncertain endowments should also

be observable when considering type behavior, since there are more L (H) types in

poor (rich) groups. As a robustness analysis of the previously considered group-specific

contribution behavior, we will now analyze type-specific contributions in order to see

whether the behavior of L and H types is in line with the previous results.

Robustness: Type-Specific Contributions

We will first consider type-specific behavior with respect to the effects of deviating

beliefs. When considering types instead of groups, we find that the ∆DOB for L types

is -0.28 EMU and for H types it is 0.34 EMU. For both types these differences are

76The Gini coefficient is based on the Lorenz curve which plots the proportion of the total income
(on the vertical axis) that is cumulatively earned by the bottom x% of the population (where x goes
from 0 to 100 on the horizontal axis). The Gini coefficient is then the ratio of the area that lies between
the line of equality (i.e. the 45 degree line) and the Lorenz curve over the total area under the line
of equality. The Gini coefficient lies always between 0 and 1 and the closer its value is to 0 the more
equal is the income distribution.
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significant using a Mann Whitney U test (p = 0.0032 for L types, and p = 0.0012 for

H types; N = 16). Hence, L types myopically contribute less and H types more under

uncertainty compared to certainty. For ∆SOC we observe that ∆SOC = −0.48 EMU

(p = 0.0134; N = 45) for L types and ∆SOC = 0.30 EMU (p = 0.1924; N = 45) for H

types. Thus, ∆SOC is significantly different from zero only for L types. Considering

∆NSOC we find, again consistent with our previous results, that ∆NSOC = −0.20

EMU for L types (p = 0.0936; N = 45), and ∆NSOC = −0.04 EMU for H types

(p = 0.8666; N = 45). The difference of net (strategic) over-contribution between

uncertainty and certainty is therefore only significant for L types but not for H types.

Figure 4.8: Type-Specific Absolute Contributions under Certainty and Uncertainty

Treatment differences in actual absolute contributions are illustrated in Figure 4.8.

We find that L types contribute substantially less under uncertainty. The mean absolute

contribution over all ten periods is 0.99 EMU in the uncertainty treatment and 1.53

EMU in the certainty treatment. This difference of 35.3% less contributions in the

uncertainty treatment is significant using a Mann Whitney U test (p = 0.0002; N =

45). By contrast, H types contribute slightly more under uncertainty. Here, the mean

absolute contribution over all ten periods is 3.01 EMU in the uncertainty treatment

and 2.89 EMU in the certainty treatment. The difference of 4.2% more contribution in

uncertainty treatment is, however, not significant (p = 0.6186; N = 45). Nevertheless,

it suggests that L types contribute substantially less and H types slightly more under

uncertainty. Interestingly, it seems that H types do not try to mimic L types in order

to increase their payoff. This suggests that subjects follow their elicited preference of

relative conditional cooperation.

Under certainty and according to the predicted effect of the minority bias, we should

not expect any difference between relative contributions of L and H types. The reason



CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES 209

is that we defined the minority bias independent of absolute endowment levels. Hence,

the minority bias acts on both L and H types in a symmetric fashion and they are

equally often in groups where the minority bias (own and anticipated) affects players’

contributions. Figure 4.9 shows type-specific relative contributions in the ten periods

for both treatments. We find that under certainty L and H types contribute similar

amounts relative to their endowment. Over the ten periods L types contribute on

average 38% and H types 36% of their endowment. Thus, using a Mann Whitney U test,

there is no significant difference in relative contributions between types under certainty

(p = 0.3212; N = 28). This picture changes however under uncertainty. Average

relative contributions of L types over the ten periods drop to 25%, whereas average

relative contributions of H types slightly increase to 38%. When testing for differences in

these relative contributions, we now find a significant difference in relative contributions

between types under uncertainty. L types contribute significantly less relative to their

endowment than H types (p = 0.0232; N = 32). Moreover, between treatments there

is no significant change in relative contributions among H types (testing the difference

between certainty and uncertainty yields p = 0.6184; N = 45), but L types contribute

significantly less under uncertainty (p = 0.0000; N = 45).

Figure 4.9: Type-Specific Relative Contributions under Certainty and Uncertainty

To conclude, type-specific contribution behavior under certainty and uncertainty is

consistent with our model and supports our previous results on group-specific behavior

since more L (H) types are in poor (rich) groups.

Again, the results on type-specific behavior under certainty support existing find-

ings on the effect of heterogeneous endowments. There are several studies (see e.g.

Marwell and Ames, 1979; or Wit, Wilke, and Oppewal, 1992) that show that high

endowed individuals contribute more in absolute terms than low endowed individuals,



210 CHAPTER 4. CONDITIONAL COOPERATION IN PUBLIC GOODS GAMES

and many studies even indicate that subjects contribute approximately the same in

relative terms (see e.g. Rapoport, 1988; Rapoport and Suleiman, 1993; van Dijk and

Grodzka, 1992; van Dijk and Wilke, 1994). A notable exception is the study by Buckley

and Croson (2006), which finds that L types contribute relatively more than H types.

However, when looking at field evidence, Buckley and Croson (2006, p937) note the

following: “Data from the Social Welfare Research Institute at Boston College shows

that in 2000, U.S. families with incomes under $125,000 (91.39% of families in the U.S.)

gave an average of 2.34% of their income to charity. There was little variation of giv-

ing across incomes with the poorest families, those with incomes under $10,000 giving

2.25% (Giving USA, 2003). Thus low-income families give the same percentage of their

income as high-income families.”

4.6 Conclusion

This chapter establishes the preference of imperfect relative conditional cooperation

as the driving force for contribution behavior in repeated public goods games. In ac-

complishing this task, we provided theoretical as well as experimental results supporting

this claim and proceeded in three consecutive steps.

In the first part of the chapter, we presented new evidence on a refinement of condi-

tional cooperation preferences in two dimensions. With respect to the first dimension,

we showed that the conditioning of cooperation is based on average contributions of

others and is not sensitive to inequalities in others’ contributions. For previous and

future studies eliciting the preference of conditional cooperation with the well-known

method of Fischbacher, Gächter, and Fehr (2001), this is an important robustness result

as this method only elicits own contributions for given average contributions of others.

The second dimension concerns the question whether subjects take endowment hetero-

geneity into account and condition on relative or on absolute contributions of others.

Here, we found that subjects are on average relative rather than absolute conditional

cooperators. Furthermore, they exhibit a minority bias which causes the imperfectness

of relative conditional cooperation to increase in case they are not in the majority with

respect to their endowment. Future research should be conducted on other aspects

where a minority bias may exist.

The second part of the chapter formalized this refined preference and analyzed

contribution behavior in a repeated public goods game. In contrast to an equilibrium

model where the imperfectness of conditional cooperation would trigger zero contribu-

tions, we applied a non-equilibrium model of level-k strategic thinking and showed that
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such a model predicts well-known patterns of contribution behavior. For instance, it

was shown that players contribute more in a repeated set-up than in the one-shot ver-

sion of the game (called strategic over-contribution) when their objective is to induce

higher contributions by others in the future. This is likely to be a fruitful attempt in

the model because others’ beliefs about others’ contributions are determined by their

past behavior. Strategic over-contributions are decreasing because they are more ef-

fective early in the game. Moreover, total contributions are decreasing because best

responses of players still represent the imperfectness of conditional cooperation. Our

theoretical predictions therefore complement the empirical investigation on contribu-

tion dynamics of Fischbacher and Gächter (2010). While these theoretical results do

not rely on the relativeness of conditional cooperation but would also obtain under

absolute conditional cooperation, we also analyzed the effects of making endowments

heterogeneous and uncertain. In these environments effects for contribution behavior

only arise under relative conditional cooperation preferences. It is the minority bias

that causes heterogeneous groups to contribute less than homogeneous groups under

certainty. Deviating beliefs about others’ endowments under uncertainty causes poor

groups to contribute less and rich groups to contribute more compared to certainty. In

contrast to certainty, heterogeneous groups are equally efficient in providing the public

good as homogeneously endowed groups under uncertainty.

In the third part of the chapter, we tested our theoretical predictions in a 10-

period public goods experiment. All predictions of the model were found to hold. With

respect to uncertain endowments, our results suggest that despite having no effect

on the aggregate level, the adverse effects of uncertain endowments on poor and rich

groups cause the inequality of the income distribution to increase. As regards further

possible policy implications, our results shed light on what drives lower contributions

in heterogeneous groups under certainty, namely the minority bias. Depending on

the belief distribution about others’ endowments, this minority bias may, however,

not be present under uncertainty. Hence, heterogeneous groups are equally efficient

than homogeneous groups. But, in contrast to certainty, poor groups are less efficient

in providing the public good than rich groups. Certain endowments in homogeneous

groups provide the highest efficiency in the public goods provision.

It is important to note that the presented model is agnostic towards the foundations

of conditional cooperation since its focus is on explaining contribution behavior and

corresponding contribution dynamics in repeated games. While such a task is clearly

beyond the scope of this chapter, future research should incorporate our findings in an

attempt to provide a foundation for the preference of relative conditional cooperation.
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Only then are we able to answer the question of why people behave that way. This is

warranted in order to fully understand conditionally cooperative behavior and not only

its consequences. The present chapter stops at showing that this preference is able to

explain contribution behavior in repeated public goods games. Nevertheless, it shows

that level-k thinking can provide fruitful insights not only in static environments but

also in repeated games.
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4.7 Appendix A: Further Theoretical Results

In this appendix we offer further theoretical results, which are not experimental variations

in our experiment but have been tested in the previous literature. Cox and Sadiraj (2007)

report four stylized facts from linear public goods games. First, contributions amount to a

significant fraction of total endowment and that even in the last round, up to 57% of subjects

(see Andreoni, 1995b) make positive contributions (our Assumptions 4.1 and 4.2). Second,

a larger marginal per capita return, i.e. A
N , results in higher contributions (see e.g. Marwell

and Ames, 1979; Isaac, Walker, and Thomas, 1984; Kim and Walker, 1984; Isaac and Walker,

1988; Saijo and Nakamura, 1995; Ledyard, 1995; or Zelmer, 2003). Third, a larger group size,

while holding the marginal per capita return constant, results in larger contributions (see e.g.

Isaac and Walker, 1988; Isaac, Walker, and Williams, 1994; or Zelmer, 2003). And fourth,

larger endowments (under endowment homogeneity) lead to larger absolute contributions (see

e.g. Cherry, Kroll, and Shogren, 2005; or Andreoni, 1988, 1995a).

Another well-known result from the public goods literature is that a larger time horizon

increases contributions in a given period. Or as Isaac, Walker, and Williams (1994, p30) put

it: “Clearly, the rate of decay of allocations to the group account is inversely related to the

number of decision rounds.” While all our results are based on a repeated game, it is also

a stylized fact from previous experiments that even in simultaneous one-shot public goods

games, subjects make positive contributions (see e.g. Marwell and Ames, 1981; Dawes and

Thaler, 1988; or Ledyard, 1995). We therefore consider such a setup in this section. Finally,

there is recent puzzling evidence that more selfish players do not contribute less to the public

good in a repeated game (see Aurélie and Riedl, 2010). In the remaining of this section we

consider all these variations. To be upfront with it, our model predicts all of the mentioned

patterns.

Marginal Per Capita Return

We start with the effect of increasing the efficiency of the public good. From (4.10) it

directly follows that over-contributions increase if A
N rises (either because the return from the

public investment A increases or the number of players benefiting from the public good N

decreases). This is because the gain from over-contributing (LHS of (4.10)) increases whereas

the loss of over-contribution (RHS of (4.10)) decreases. Myopic contributions also clearly

increase with A
N as contributing to the public good becomes less harmful in the trade-off to

match others’ contributions.

Proposition 4.10 Suppose players contribute positively in period t, i.e. x∗ti > 0. Then,

ceteris paribus, increasing the efficiency of the public good (marginal per capita return) A
N

increases contributions of L1 and L2 players in period t.
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The effect of increasing A
N in Proposition 4.10 is even stronger without the ceteris paribus

assumption as the effect on myopic contributions is reinforced.

If players contribute zero in period t, i.e. xti = 0, increasing the efficiency only weakly

increases contributions for both L1 and L2 players. With δi = 0, there is no effect of increasing
A
N for L1 players because they do not over-contribute and their only concern is then to

(imperfectly) match others’ contributions irrespective of how costly it is. The same holds true

for L2 players with δi = 0, but since they best respond to L1 players, increasing A
N increases

the believed contribution of other L1 players with 0 < δj < 1. In order to match these higher

contributions, L2 players increase their contributions even if δi = 0. With δi = 1, L1 players

would not contribute anything and increasing A
N would not have an effect. By contrast, L2

players with δi = 1 contribute everything (nothing) if the believed sum of slopes of others’

best response function is larger (smaller) than 1− A
N /

A
N . Increasing A

N decreases the threshold

for which they would contribute everything, so increasing A
N weakly increases contributions

of L2 players with δi = 1.

Group Size

Now, we turn to the effect of increasing the group size N . In order to isolate the pure

effect of increasing the number of players we have to hold various things constant. First,

the marginal per capita return A
N has to remain the same as this has an effect as shown in

Proposition 4.10. Second, the believed relative contribution of others, namely
∑
j 6=i x

t−1
j∑

j 6=i Ej
for L1

players and
∑
j 6=i x

t
j(·,x

t−1
i )∑

j 6=i Ej
for L2 players, has to remain constant as this affects behavior simply

because players are relative conditional cooperators. Third, for L2 players it is important that

the sum of the slopes of others’ believed best response functions stays the same as this, for

instance, would simply be affected by changing the average believed preferences. If these

conditions are fulfilled, myopic contributions are not affected, but over-contributions increase

with N .

Proposition 4.11 Suppose Assumption 4.1 holds. Then, ceteris paribus, increasing the num-

ber of players N while holding A
N ,

∑
j 6=i x

t−1
j∑

j 6=i Ej
(for L1 players), believed

∑
j 6=i x

t
j(·,x

t−1
i )∑

j 6=i Ej
(for L2

players), and believed
∑

j 6=i ∂x
t+l
j (·)/∂xt+l−1

i (for L2 players) constant, has no effect on L1

players’ contributions in period t and on L2 players’ contributions in period T , but increases

L2 players’ contributions in period t 6= T .

Under homogeneous endowments, as implemented in previous experiments showing the effect

postulated in Proposition 4.11, the condition of holding the believed
∑

j 6=i ∂x
t+l
j (·)/∂xt+l−1

i

constant directly translates into the condition that the average believed preferences of other

players remain constant, which seems quite reasonable as there is no reason why additional

players should be any different than others. Under heterogeneous endowments, it additionally

depends on the endowments of additional players and it may indeed be the case that the
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believed
∑

j 6=i ∂x
t+l
j (·)/∂xt+l−1

i changes when increasing N , even if additional players have the

same preferences. In this case a sufficient condition for Proposition 4.11 still to hold is that

this change has a positive sign. Moreover, if this sign is positive, then L2 players with δi = 1

weakly increase contributions as the believed sum of slopes of others best response functions

is larger while 1 − A
N /

A
N is not affected. However, if the believed

∑
j 6=i ∂x

t+l
j (·)/∂xt+l−1

i

stays constant (which is the case under homogeneous endowments with unchanged average

preferences), then L2 players with δi = 1 are not affected, and neither L1 players in any case.

Also, with δi = 0, there would be no effect observed for both L1 and L2 players.

Without the ceteris paribus assumption in Proposition 4.11, myopic contributions of both

L1 and L2 players would be positively affected since L2 players’ higher over-contributions shift

the contribution path upward.

Number of Periods

Increasing the number of periods T can only have an effect for L2 players, since L1 players

are myopic. L2 players increase their over-contributions as the amount of over-contribution

in period t 6= T depends on the number of periods left T − t.

Proposition 4.12 Suppose Assumptions 4.2 to 4.4 hold and (4.10) holds strictly. Then,

ceteris paribus, increasing the number of periods T has no effect for L1 players’ contributions,

but increases L2 players contributions in period t.

In the last period T , a larger time horizon also increases contributions of L2 players as over-

contribution is only present when T is increased. If δi = 1, L1 players do never contribute

anything and L2 players contribute nothing or everything but in neither case does the number

of periods T change this behavior as it is solely determined by how the believed
∑

j 6=i
∂xt+1
j (·)
∂xti

compares to 1 − A
N /

A
N . If δi = 0, there is again no effect observed for L1 and L2 players as

over-contribution is absent.

Proposition 4.12 considers the effect of increasing T for contributions in period t. It im-

plies that the effect on aggregate contributions over the entire horizon is positive as well. This

is, however, a rather trivial result and would be obtained under much weaker assumptions.

If contributions in the last round of a shorter game are sufficiently positive, then aggregate

contributions in a longer game have to be larger as contributions occur for a longer time

horizon. This can happen even if contributions in all periods up to the very end of the shorter

game would not be any different than in the same periods of the longer game. By contrast,

in Proposition 4.12 contributions are considered in a given period but for different time hori-

zons. “Clearly, the rate of decay is faster the shorter the time horizon of the experiment.

This result is inconsistent with backward induction models, and purely adaptive or learning

models based on the number of rounds completed. This aspect of the VCM data is consistent

with a forward-looking modelling approach based on the potential gains from cooperation.”
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(Isaac, Walker, and Williams, 1994, p30) Without the ceteris paribus assumption in Proposi-

tion 4.12, also myopic contributions would be positively affected as higher over-contributions

of L2 players trigger higher contributions of all players in later periods. The rate of decay

should therefore clearly be slower in a longer game.

One-Shot Game

The one-shot prediction of an equilibrium model with our specified preferences would

be to contribute zero to the public good. This is because players imperfectly match others

contributions so that the only fixed point is where all players do not contribute. By contrast,

in our non-equilibrium model both L1 and L2 players simply contribute according to their

myopic contributions in the one-shot version of the game. Over-contribution does not arise

as there are no future periods where higher current contributions could induce anything from

others.

Proposition 4.13 Suppose there is only one period in the game, i.e. T = 1. Then, L1 and

L2 players contribute according to their myopic contributions. For any given positive belief of

others contributions, i.e.
∑

j 6=i x
0
j > 0 for L1 players and

∑
j 6=i x

1
j (·, x0

i ) > 0 for L2 players,

contributions are positive if δi is sufficiently small (for given values of αi, Ei,
∑

j 6=iEj, and
A
N ).

Interestingly, for any positive common believed relative ‘home-grown’ contribution of L0 play-

ers, it may be the case that L2 players contribute more than L1 players, despite the fact that

they best respond and imperfectly match others. This is because, L2 players react on the be-

lieved
∑

j 6=i x
1
j (·, x0

i ), so their contribution additionally depends on the believed δ̃j and α̃j of

the other L1 players. These believed preferences of others are not necessarily correct, so they

may end up contributing more than L1 players. If δi = 1, no player would ever contribute.

And if δi = 0, Proposition 4.13 still holds.

Also, in the sequential version of the one-shot public goods game, both L1 and L2 play-

ers contribute according to their myopic contributions. Thus, as second movers they would

simply react to first-mover contributions. As first movers, they would contribute the same as

when they were second movers if the believed sum of others’ contributions is identical to the

actual sum of others’ contributions in the situation where they are second movers. With such

consistent beliefs, L1 and L2 players’ contributions would be perfectly correlated in the role of

first and second movers (for recent evidence in this direction see Gächter et al., forthcoming

for the case of a public goods game; Blanco, Engelmann, and Normann, 2011 for a prisoners

dilemma game; or Altmann, Dohmen, and Wibral, 2008 for a trust game).
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Selfishness

While on the one hand a higher degree of selfishness leads to higher over-contributions

since strategic concerns increase, more selfishness, on the other hand, decreases myopic con-

tributions as it becomes less important to match others’ contributions. So, the question arises

whether more selfish players can also have higher total contributions than less selfish players.

This is of course only relevant in periods t 6= T as there is no over-contribution which coun-

teracts the myopic effect in the last period T . For the same reason, the question only arises

if (4.10) holds strictly. Otherwise, total contributions clearly decrease with selfishness.

Proposition 4.14 Suppose Assumptions 4.2 to 4.4 hold and (4.10) holds strictly. Then,

ceteris paribus, more selfishness (increasing δi) decreases L1 players’ contributions in period

t and L2 players’ contributions in period T . In period t 6= T more selfishness not leading to

higher contributions for L2 players is sufficient but not necessary for the assumption to hold

that contributions in period t are not higher than under perfect relative conditional cooperation,

i.e. x∗tiL2 ≤
Ei∑
j 6=i Ej

∫ ∑
j 6=i x

t
j(·) dFi(

∑
j 6=i x

t
j(·)).

So, more selfishness may increase L2 players’ contributions in period t 6= T even if the as-

sumption holds that contributions never exceed the amount of perfect relative conditional

cooperation (see Assumption 4.4). Higher contributions are therefore not necessarily made by

players who are less selfish. Intuitively, for small αi the pain of over-contributing now caused

by the need to match these higher contributions in the future is small and can be so small

compared to its benefit that total contributions increase with selfishness.

Using the same two-part experiment as Fischbacher and Gächter (2010), Aurélie and

Riedl (2010) find that more selfish players as measured in the P-Experiment do not contribute

lower amounts than less selfish players in the C-Experiment, despite that beliefs of different

preference types do not differ. This is consistent with Proposition 4.14.

An interesting question arising for L2 players in this context is which assumption imple-

menting an upper bound on contributions would be necessary and sufficient for the, probably

at first sight, more intuitive notion that higher selfishness leads to lower contributions.

Corollary 4.15 Suppose Assumptions 4.2 to 4.4 hold and (4.10) holds strictly. Then, ce-

teris paribus, contributing not more than under full relative conditional cooperation, i.e.

x∗tiL2 ≤ αi
Ei∑
j 6=i Ej

∫ ∑
j 6=i x

t
j(·) dFi(

∑
j 6=i x

t
j(·)), is a necessary and sufficient condition for

more selfishness not leading to higher contributions of L2 players in period t 6= T .

Endowments

If endowments of all subjects increase by the same factor, both L1 and L2 players contri-

butions are positively affected. Over-contributions are not affected as the sum of the believed

slopes of others best response functions stays constant. But myopic contributions (weakly)
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increase if and only if believed contributions of others (weakly) increase. This is indeed the

case if players’ ‘home-grown’ belief in the first period is that L0 players give some positive

percentage of their endowment (which is implied by Assumption 4.1).77

Proposition 4.16 Suppose Assumption 4.1 holds. Then, increasing the endowment of all

players by the same factor z > 1 increases L1 and L2 players’ contributions in period t.

If players ’home-grown’ belief in the first period is that L0 players contribute zero percent of

their endowment. Then, increasing all endowments by some factor would not change anything

because L1 and L2 players would still believe that others do not contribute anything in the first

period. If δi = 1, L1 players would not contribute and this does not change when endowments

increase. L2 players either contribute nothing or everything but this decision is not affected by

an increase of endowments as it depends on the believed sum of slopes of others best response

functions (which stays constant if all endowments increase by the same factor). If δi = 0, the

same behavior would be observed as described in Proposition 4.16.

77This would even hold if players were absolute conditional cooperators since such a ‘home-grown’
belief would shift them to a higher contribution path.
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4.8 Appendix B: Proofs

Proof. [Proposition 4.1 and Corollary 4.2] We will first prove the proposition for L2

players and then for L1 players. To simplify notation we will denote∫ ∑
j 6=i

xtj(·, xt−1
i ) dFi(

∑
j 6=i

xtj(·, xt−1
i )) = E[

∑
j 6=i

xtj(·, xt−1
i )] ≡

∑
j 6=i

xtj(·, xt−1
i ),

so that
∑

j 6=i x
t
j(·, x

t−1
i ) is the L2 players’ believed sum of other L1 players’ best response

functions. The maximization of U tiL2 is solved by starting in the last period T . Maximizing

U tiL2 with respect to xTiL2 yields

x∗TiL2 = δi
2(1−δi)(AN − 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xTj (·, xT−1
i ). (4.11)

First note that there is neither over- nor under-contribution in T and L2 players contribute

according to their myopic contributions.

If x∗TiL2 > 0, we can plug (4.11) into the first-order condition specifying xT−1
iL2 . This yields

x∗T−1
iL2 = δi

2(1−δi)(AN − 1) + αi
Ei∑
j 6=i Ej

∑
j 6=i

xT−1
j (·, xT−2

i )

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

]
∑
j 6=i

∂xTj (·)
∂xT−1
i

. (4.12)

The first line in (4.12) represents myopic contributions and second line strategic over-contributions.

Here, (4.10) is sufficient for under-contribution not to occur.

If we get a corner solution in T so that x∗TiL2 = 0, we can plug 0 into the first-order

condition specifying xT−1
iL2 . This yields

x∗T−1
iL2 = δi

2(1−δi)(AN − 1) + αi
Ei∑
j 6=i Ej

∑
j 6=i

xT−1
j (·, xT−2

i )

+
∑
j 6=i

∂xTj (·)
∂xT−1
i

 δi
2(1−δi)

A
N − (αi

Ei∑
j 6=i Ej

)2
∑
j 6=i

xTj (·, xT−1
i )

 , (4.13)

where the first line is myopic contribution and the second line represents over-contribution.

A necessary and sufficient condition for the corner solution in T is that

δi
2(1−δi)(1− A

N ) ≥ αi Ei∑
j 6=i Ej

∑
j 6=i

xTj (·, xT−1
i ). (4.14)

Multiplying both sides of (4.14) by αi
Ei∑
j 6=i Ej

shows that the term in brackets in (4.13) is

weakly positive (hence no under-contribution) if A
N ≥ (1− A

N )(αi
Ei∑
j 6=i Ej

).
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For T − 2, we first assume that x∗T−1
iL2 > 0 after x∗TiL2 > 0, so that we can plug (4.12) into

the first-order condition specifying xT−2
iL2 . This yields

x∗T−2
iL2 = δi

2(1−δi)(AN − 1) + αi
Ei∑
j 6=i Ej

∑
j 6=i

xT−2
j (·, xT−3

i )

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

]
∑
j 6=i

∂xT−1
j (·)
∂xT−2
i

(1 +
∑
j 6=i

∂xTj (·)
∂xT−1
i

). (4.15)

Again, (4.10) is sufficient for under-contribution not to occur.

If x∗T−1
iL2 > 0 after x∗TiL2 = 0, we can plug (4.13) into the first-order condition specifying

xT−2
iL2 . This yields

x∗T−2
iL2 = δi

2(1−δi)(AN − 1) + αi
Ei∑
j 6=i Ej

∑
j 6=i

xT−2
j (·, xT−3

i )

+
∑
j 6=i

∂xT−1
j (·)
∂xT−2
i

αi Ei∑
j 6=i Ej

∑
j 6=i

∂xTj (·)
∂xT−1
i

[ δi
2(1−δi)

A
N − (αi

Ei∑
j 6=i Ej

)2
∑
j 6=i

xTj (·, xT−1
i )]

+ δi
2(1−δi)(AN + αi

Ei∑
j 6=i Ej

(AN − 1))
]
, (4.16)

where the second and third lines represent over-contribution in period T −2, denoted xOCT−2
i .

Again, A
N ≥ (1− A

N )(αi
Ei∑
j 6=i Ej

)⇒ xOCT−2
i ≥ 0, because it implies that the third line is weakly

positive and via (4.14) that the second line is weakly positive.

If x∗T−1
iL2 = 0, we can plug 0 into the first-order condition specifying xT−2

iL2 . This yields

x∗T−2
iL2 = δi

2(1−δi)(AN − 1) + αi
Ei∑
j 6=i Ej

∑
j 6=i

xT−2
j (·, xT−3

i )

+
∑
j 6=i

∂xT−1
j (·)
∂xT−2
i

 δi
2(1−δi)

A
N − (αi

Ei∑
j 6=i Ej

)2
∑
j 6=i

xT−1
j (·, xT−2

i )

 . (4.17)

Suppose x∗T−1
iL2 = 0 after x∗TiL2 > 0. Then, if (4.10) holds, a necessary condition for x∗T−1

iL2 = 0

is that

δi
2(1−δi)(1− A

N ) ≥ αi Ei∑
j 6=i Ej

∑
j 6=i

xT−1
j (·, xT−2

i ). (4.18)

Suppose x∗T−1
iL2 = 0 after x∗TiL2 = 0. Then again, if (4.10) holds, (4.18) is a necessary condition

for x∗T−1
iL2 = 0. Multiplying both sides of (4.18) by αi

Ei∑
j 6=i Ej

shows that the term in brackets

in (4.17) is weakly positive (hence no under-contribution) if A
N ≥ (1− A

N )(αi
Ei∑
j 6=i Ej

).
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Suppose x∗T−2
iL2 > 0 after x∗T−1

iL2 > 0 and x∗TiL2 > 0. Then, we can plug (4.15) into the

first-order condition specifying xT−3
iL2 . This yields

x∗T−3
iL2 = δi

2(1−δi)(AN − 1) + αi
Ei∑
j 6=i Ej

∑
j 6=i

xT−3
j (·, xT−4

i )

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

]
∑
j 6=i

∂xT−2
j (·)
∂xT−3
i

(1 +
∑
j 6=i

∂xT−1
j (·)
∂xT−2
i

(1 +
∑
j 6=i

∂xTj (·)
∂xT−1
i

)). (4.19)

The second and third line in (4.19) determine over-contribution for which (4.10) is sufficient

for being non-negative.
Now suppose x∗T−2

iL2 > 0 after x∗T−1
iL2 > 0 and x∗TiL2 = 0, Then, we can plug (4.16) into the

first-order condition specifying xT−3
iL2 . This yields

x∗T−3
iL2 = δi

2(1−δi)
(A
N
− 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xT−3
j (·, xT−4

i )

+
∑
j 6=i

∂xT−2
j (·)

∂xT−3
i

αi Ei∑
j 6=i Ej

∑
j 6=i

∂xT−1
j (·)

∂xT−2
i

αi Ei∑
j 6=i Ej

∑
j 6=i

∂xTj (·)

∂xT−1
i

[ δi
2(1−δi)

A
N
− (αi

Ei∑
j 6=i Ej

)2

∑
j 6=i

xTj (·, xT−1
i )] + δi

2(1−δi)
(A
N

+ αi
Ei∑

j 6=i Ej
(A
N
− 1))

 + δi
2(1−δi)

(A
N

+ αi
Ei∑

j 6=i Ej
(A
N
− 1))

 . (4.20)

Again, the second and third lines determine the amount of over-contribution, denoted xOCT−3
i

and A
N ≥ (1− A

N )(αi
Ei∑
j 6=i Ej

)⇒ xOCT−3
i ≥ 0.

We can continue this until period t.78 If all remaining periods yield positive (interior)

solutions, we derive at

x∗tiL2 = δi
2(1−δi)(AN − 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xtj(·, xt−1
i )

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

]
∑
j 6=i

∂xt+1
j (·)
∂xti

(1 + αi
Ei∑
j 6=i Ej

∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

(1 + αi
Ei∑
j 6=i Ej

∑
j 6=i

∂xt+3
j (·)
∂xt+2
i

(. . . (1 + αi
Ei∑
j 6=i Ej

∑
j 6=i

∂xTj (·)
∂xT−1
i

)))). (4.21)

The first line of the RHS in (4.21) identifies the myopically motivated amount of i’s contribu-

tion and the second and third lines determine the amount that is driven by strategic considera-

tions. So, there is strategic over-contribution in the optimum if and only if the last two lines of

the RHS in (4.21) are positive. From (4.21) it can be seen that given believed
∑

j 6=i
∂xt+1
j (·)
∂xti

> 0

(which is implied by our assumption of interior solutions in all periods as shown below)

78Alternatively, we could also plug xTiL2 from the maximization of UT
iL2 into UT−1

iL2 and then maximize
with respect to xT−1

iL2 in order to derive at (4.12). Continuing this reasoning instead makes no difference
in our case because the first-order condition defining x∗TiL2 is the same no matter whether it is derived
via UT−1

iL2 or UT
iL2.
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and 0 < δi < 1, there is (weak) over-contribution if and only if (4.10) holds (weakly). If

δi = 0, there is no over-contribution. And if δi = 1 we get a corner solution in period T .

Suppose believed
∑

j 6=i
∂xt+1
j (·)
∂xti

= 0. This can only happen if believed
∑

j 6=i x
t+1
j (·, xti) = 0

(because αj > 0) which (as shown in the proof of Proposition 4.5) implies that x∗t+1
iL2 = 0

and also that believed
∑

j 6=i x
t+2
j (·, xt+1

i ),
∑

j 6=i x
t+3
j (·, xt+2

i ), . . . ,
∑

j 6=i x
T
j (·, xT−1

i ) = 0 and

x∗t+2
iL2 , x∗t+3

iL2 , . . . , x∗TiL2 = 0. So, we get a corner solution in period t + 1, and thus an interior

solution in all periods implies that believed
∑

j 6=i
∂xt+1
j (·)
∂xti

> 0.

While our results assume 0 < δi < 1, we can also look at the special cases. If δi = 0

there is no over- or under- contribution. δi = 1 leads to over-contribution (then contributing

everything is optimal) if believed
∑

j 6=i
∂xt+1
j (·)
∂xti

> (1 − A
N )/AN , and to no over-contribution

(then contributing nothing) is optimal if believed
∑

j 6=i
∂xt+1
j (·)
∂xti

< (1− A
N )/AN .

If at least the next period yields a positive (interior) solution, but there is a corner solution

at some later period, we derive at

x∗tiL2 = δi
2(1−δi)(AN − 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xtj(·, xt−1
i )

+
∑
j 6=i

∂xt+1
j (·)
∂xti

[
αi

Ei∑
j 6=i Ej

xOCt+1
i + δi

2(1−δi)(AN + αi
Ei∑
j 6=i Ej

(AN − 1))
]

(4.22)

where xOCt+1
i is the amount of over-contribution one period after t and the second line,

denoted xOCti , represents over-contribution in period t. Given that believed
∑

j 6=i
∂xt+1
j (·)
∂xti

> 0,

A
N > (1 − A

N )(αi
Ei∑
j 6=i Ej

) implies that xOCti > 0 and xOCt+1
i > 0. Again, there is no over-

contribution in period t if believed
∑

j 6=i
∂xt+1
j (·)
∂xti

= 0. However, we saw before that this

would imply that believed
∑

j 6=i x
t+1
j (·, xti) = 0 (because αj > 0) which in turn implies that

x∗t+1
iL2 = 0. This is a contradiction to our assumption that we have an interior solution in the

next period for the considered case.

And if the next period yields a corner solution, we derive at

x∗tiL2 = δi
2(1−δi)(AN − 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xtj(·, xt−1
i )

+
∑
j 6=i

∂xt+1
j (·)
∂xti

 δi
2(1−δi)

A
N − (αi

Ei∑
j 6=i Ej

)2
∑
j 6=i

xt+1
j (·, xti)

 . (4.23)

Again, the second line determines over-contributions and the term in brackets in (4.23) is

weakly positive if (4.10) holds. Thus, we have weak over-contribution in period t if (4.10)

holds. Since the next period yields a corner solution, believed
∑

j 6=i
∂xt+1
j (·)
∂xti

≥ 0 leading to no

over- or under- contribution in case of equality.
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The last step for L2 players is to show that the second-order conditions are negative.

∂2UtiL2

(∂xti)
2 = −2(1− δi) + δi

A
N

∑
j 6=i

∂2xt+1
j (·)

(∂xti)
2 − 2(1− δi)(αi Ei∑

j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

)2

+2(1− δi)[xt+1
i − αi Ei∑

j 6=i Ej

∑
j 6=i

xt+1
j (·, xti)](αi Ei∑

j 6=i Ej

∑
j 6=i

∂2xt+1
j (·)

(∂xti)
2 ), (4.24)

∂2UTiL2

(∂xTi )2 = −2(1− δi). (4.25)

Clearly, (4.25) is negative. A sufficient condition for (4.24) being negative is that believed∑
j 6=i

∂2xt+1
j (·)

(∂xti)
2 = 0. We therefore need to determine the behavior of L1 players. Each other

player j maximizes U tiL1 as being player i with respect to xti. This determines

x∗tiL1 = δi
2(1−δi)(AN − 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xt−1
j , (4.26)

which corresponds to xtj(·, x
t−1
i ) of L2 players i given an interior solution (x∗tiL1 = 0 in the

corner solution). Thus,

∂x∗tiL1

∂xt−1
j

= αi
Ei∑
j 6=i Ej

> 0 (4.27)

in the interior solution (
∂x∗tiL1

∂xt−1
j

= 0 in the corner solution) corresponding to
∂xt+1
j (·)
∂xti

of L2

players i. First, note that (4.26) is an optimum since
∂2UtiL1

(xti)
2 = −2(1 − δi) < 0. From (4.27)

(and of course also in the corner solution) it follows that
∂2x∗tiL1

(∂xt−1
j )2

= 0, and therefore believed∑
j 6=i

∂2xt+1
j (·)

(∂xti)
2 for L2 players i.

We now turn to the case of L1 players. The first-order conditions for L1 players are

identical no matter whether U tiL1 or utiL1 is maximized. This holds for all t, so that each

period can be considered in isolation and (4.26) describes the optimal contribution in period

t. There are no strategic considerations and L1 players contribute according to their myopic

contributions in all periods. The second-order condition is negative since
∂2UtiL1

(∂xti)
2 = −2(1− δi).

Proof. [Lemma 4.3] We will show that if Assumptions 4.2, 4.3 and 4.4 are satisfied, then

Assumption 4.1 holds. First note that in t 6= T planned positive contributions in the last

period (x∗Ti > 0 in Assumption 4.1) occur if and only if Assumption 4.2 holds, since there

are only myopic contributions in the last period as over-contribution is zero. Assumption 4.3

implies that (planned) contributions (x∗ti ) are not lower than (planned) myopic contributions

(xM∗ti ) in period t 6= T , i.e. x∗ti ≥ xM∗ti ∀t 6= T . In t = T , there is neither over- nor under-

contribution by Proposition 4.1, hence contributions are equal to myopic contributions, i.e.
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x∗Ti = xM∗Ti . Thus, xM∗ti > 0 ∀t⇒ x∗ti > 0 ∀t. Assumption 4.2 implies that xM∗ti > 0 ∀t 6= T

if the believed ∑
j 6=i

xtj ≥
∑
j 6=i

xt+1
j ≥

∑
j 6=i

xt+2
j ≥ . . . ≥

∑
j 6=i

xTj . (4.28)

For L1 players (4.28) is satisfied, since L1 players believe that all others are L0 players, who

contribute in t + 1 the same as in t. So, in t they believe that
∑

j 6=i x
t
j =

∑
j 6=i x

t+1
j =∑

j 6=i x
t+2
j = . . . =

∑
j 6=i x

T
j . For L2 players (4.28) is also satisfied, since L2 players believe

that all others are L1 players, who best respond in t+1 to what they observed in t. These best

responses can be at most perfect matches (since 0 ≤ δj ≤ 1 and 0 < αj ≤ 1) and by Assump-

tion 4.4 L2 players also never (plan to) cooperate more than perfectly. So, what L2 players in

t think L1 players will do is
∑

j 6=i x
t
j(·, x

t−1
i ) ≥

∑
j 6=i x

t+1
j (·, xti) ≥

∑
j 6=i x

t+2
j (·, xt+1

i ) ≥ . . . ≥∑
j 6=i x

T
j (·, xT−1

i ).

Proof. [Proposition 4.4] Because of Proposition 4.1, Proposition 4.4 is only relevant for

L2 players. By Assumption 4.1 (via Lemma 4.3), optimal contributions in t 6= T are given by

(4.21) and in T by (4.11). Further, Assumption 4.1 implies that in t 6= T the believed

∑
j 6=i

∂xt+1
j (·)
∂xti

,
∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

,
∑
j 6=i

∂xt+3
j (·)
∂xt+2
i

, . . . ,
∑
j 6=i

∂xTj (·)
∂xT−1
i

> 0. (4.29)

Plugging (4.29) into (4.21) we directly get that planned over- (or under-) contribution is larger

for smaller t if A
N +(AN −1)αi

Ei∑
j 6=i Ej

6= 0 and 0 < δi < 1. With A
N = (1− A

N )αi
Ei∑
j 6=i Ej

or δi = 0,

there is no over- (or under-) contribution. If δi = 1, we have x∗TiL2 = 0 and thus Assumption

4.1 is violated. In this case, planned over-contribution is either zero or positive but dropping

to zero at some point. From (4.11) we can also directly see that (planned) over-contribution

is zero in period T and since it is positive in period T − 1 (by Proposition 4.1), it is also

decreasing from the second to last to the last period (actual and planned). Note that (4.29)

is not sufficient for actual over-contributions to be decreasing in other periods. However, by

the proof of Lemma 4.3 it follows that in t 6= T the believed∑
j 6=i

∂xt+1
j (·)
∂xti

≥
∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

≥
∑
j 6=i

∂xt+3
j (·)
∂xt+2
i

≥ . . . ≥
∑
j 6=i

∂xTj (·)
∂xT−1
i

, (4.30)

because L2 players think all others are L1 players who best respond to observed contribu-

tions from the last period. By Assumptions 4.4 and 4.3, these observed contributions cannot

be increasing and the believed (δ̃j , α̃j) is constant over time. The relations in (4.30) may

hold strictly because the believed contribution path may push some best responses of oth-

ers in the support of Fij(·) in the corner solution. This means that in t + 1, the believed∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

,
∑

j 6=i
∂xt+3
j (·)
∂xt+2
i

, . . . ,
∑

j 6=i
∂xTj (·)
∂xT−1
i

may be higher than from the perspective of t, but
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it cannot be higher than
∑

j 6=i
∂xt+1
j (·)
∂xti

,
∑

j 6=i
∂xt+2
j (·)
∂xt+1
i

, . . . ,
∑

j 6=i
∂xTj (·)
∂xT−1
i

from the perspective of

t. Hence, by looking at (4.21) actual over-contributions are decreasing over time.

Proof. [Proposition 4.5] By the proof of Lemma 4.3, we know that planned myopic con-

tributions are stable for L1 players and weakly decreasing for L2 players. We now look at

actual myopic contributions over time. First, note that actual myopic contributions of L1

players are lower in period t than in t − 1 if and only if the actual
∑

j 6=i x
t−1
j <

∑
j 6=i x

t−2
j .

A sufficient condition for this to hold is that actual contributions of all players are weakly

decreasing. For L2 players actual myopic contributions are lower in t than in t−1 if and only if

the believed
∑

j 6=i x
t
j(·, x

t−1
i ) <

∑
j 6=i x

t−1
j (·, xt−2

i ). Since there is no updating of beliefs about

others’ preferences, again a sufficient condition for this to hold is that actual contributions of

all players are weakly decreasing. In the first period, our assumption about L0 players is that

they contribute a certain percentage of their endowment. All players have the same belief

about L0 players’ contributions in the first period. This means that all players’ ‘home-grown’

belief about contributions of L0 players is the same in the first period, namely that L0 players

contribute a certain relative amount.

Case I : Suppose that this percentage is zero, i.e. L1 and L2 players believe in t = 1

that L0 players contribute nothing. For L1 players this means that x0
j = 0 ∀j 6= i ⇒∑

j 6=i x
0
j = 0 and her best response is x∗1iL1 = 0, which follows immediately since there is

no over-contribution for L1 players. For L2 players this means that the believed x1
j (·, x0

i ) =

0 ∀j 6= i ⇒
∑

j 6=i x
1
j (·, x0

i ) = 0, since L2 players think that all others are L1 players. Given

that the believed
∑

j 6=i x
1
j (·, x0

i ) = 0 it follows that x∗1iL2 = 0, because x∗1iL2 > 0 would mean

that L2 player i contributes more than what is conditionally perfect (see Assumption 4.4).

In all remaining periods t > 1, L0 players contribute the same as in the previous period.

So, L1 player i’s best response in the second period is x∗2iL1 = 0 since actual x1
j = 0 ∀j 6=

i ⇒
∑

j 6=i x
1
j = 0 and there is no over-contribution for L1 players. From the perspective of

L2 player i, believed x2
j (·, x1

i ) = 0 ∀j 6= i ⇒
∑

j 6=i x
2
j (·, x1

i ) = 0. Given that the believed∑
j 6=i x

2
j (·, x1

i ) = 0 it follows again that x∗2iL2 = 0. This reasoning continues until the last

period where Assumption 4.4 is not needed as there is no over-contribution in period T for

L2 players. Hence, for the initial belief x0
i = 0, the actual contribution path is x∗ti = 0 ∀t

for both L1 and L2 players and hence actual
∑

j 6=i x
t−1
j = 0 ∀t for L1 players and believed∑

j 6=i x
t
j(·, x

t−1
i ) = 0 ∀t for L2 players.

Case II : Now, we consider the case where the ‘home-grown’ belief is that L0 players

contribute a positive percentage of their endowment, which implies x0
i > 0 for all L0 players.

From the perspective of L1 player i, x0
j > 0 ∀j 6= i ⇒

∑
j 6=i x

0
j > 0 and her best response is

x∗1iL1 ≥ 0, since
∑

j 6=i x
0
j may be too small (given her δi and αi). From the perspective of L2

player i, this means that believed x1
j (·, x0

i ) ≥ 0 ∀j 6= i ⇒
∑

j 6=i x
1
j (·, x0

i ) ≥ 0. The believed∑
j 6=i x

1
j (·, x0

i ) ≥ 0 may happen, since L2 players’ believe L1 players’ preferences may be too

‘selfish’ (α̃j and δ̃j). Her best response is x∗1iL2 ≥ 0 and even if believed
∑

j 6=i x
1
j (·, x0

i ) > 0,
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x∗1iL2 = 0 may be a best response when L2 players are themselves too ‘selfish’ (αi and δi).

This means we can consider four possible sub-cases. First, x∗1iL1 = 0 ∧ x∗1iL2 = 0, second,

x∗1iL1 > 0 ∧ x∗1iL2 = 0, third, x∗1iL1 = 0 ∧ x∗1iL2 > 0, and fourth, x∗1iL1 > 0 ∧ x∗1iL2 > 0.

Sub-Case II.1 (x∗1iL1 = 0∧ x∗1iL2 = 0): In this case,
∑

j 6=i x
1
j = 0 and hence x∗2iL1 = 0. Also,

believed
∑

j 6=i x
2
j (·, x1

i ) = 0⇒ x∗2iL2 = 0. This continues until the last period, thus x∗ti = 0 ∀t
for both L1 and L2 players and hence actual

∑
j 6=i x

t−1
j = 0 ∀t for L1 players and believed∑

j 6=i x
t
j(·, x

t−1
i ) = 0 ∀t for L2 players.

Sub-Case II.2 (x∗1iL1 > 0 ∧ x∗1iL2 = 0): First, note that what L1 player i reacts on in

t = 2 is less than (weakly less if δi = 0) she reacted on in t = 1 (given by the ‘home-

grown’ belief about L0), so that 0 <
∑

j 6=i x
1
j <

∑
j 6=i x

0
j . This implies that 0 ≤ x∗2iL1 <

x∗1iL1. Suppose x∗1iL2 = 0 because L2 players’ beliefs about L1 players’ preferences were too

‘selfish’. Since there is no updating about these preferences and L2 players had the same

belief about the ‘home-grown’ contribution of L0 players than L1 players, it has to hold that

the believed
∑

j 6=i x
2
j (·, x1

i ) =
∑

j 6=i x
1
j (·, x0

i ) = 0 because L1 players best responded to L0

and Assumption 4.4 holds. It follows that x∗2iL2 = 0. Now, suppose that x∗1iL2 = 0 because L2

players’ preferences were too ‘selfish’. Because all players never cooperate more than perfectly,

0 ≤
∑

j 6=i x
2
j (·, x1

i ) <
∑

j 6=i x
1
j (·, x0

i ) has to hold and therefore x∗2iL2 = 0 if over-contributions

in t = 2 are not higher than in t = 1 (see Proposition 4.4). In all remaining periods either

Sub-Case II.1 or II.2 applies.

Sub-Case II.3 (x∗1iL1 = 0 ∧ x∗1iL2 > 0): What L1 player i reacts on in t = 2 is less than she

reacted on in t = 1, because, given beliefs about L0 players’ ‘home-grown’ contribution, all

players never cooperate more than perfectly. So, 0 ≤
∑

j 6=i x
1
j <

∑
j 6=i x

0
j . This implies that

x∗2iL1 = x∗1iL1 = 0. For L2 players x∗1iL2 > 0 can only happen if the believed
∑

j 6=i x
1
j (·, x0

i ) > 0.

Since all players never cooperate more than perfectly, 0 ≤
∑

j 6=i x
2
j (·, x1

i ) ≤
∑

j 6=i x
1
j (·, x0

i ) has

to hold and therefore 0 ≤ x∗2iL2 ≤ x∗1iL2 if over-contributions in t = 2 are not higher than in

t = 1. In all remaining periods either Sub-Case II.1 or II.3 applies.

Sub-Case II.4 (x∗1iL1 > 0 ∧ x∗1iL2 > 0): What L1 player i reacts on in t = 2 is less than

(weakly less if δi = 0) she reacted on in t = 1 (given by the ‘home-grown’ belief about L0),

so that 0 <
∑

j 6=i x
1
j <

∑
j 6=i x

0
j . This implies that 0 ≤ x∗2iL1 < x∗1iL1. For L2 players x∗1iL2 > 0

can only happen if the believed
∑

j 6=i x
1
j (·, x0

i ) > 0. Since all players never cooperate more

than perfectly, 0 ≤
∑

j 6=i x
2
j (·, x1

i ) ≤
∑

j 6=i x
1
j (·, x0

i ) has to hold and therefore 0 ≤ x∗2iL2 ≤ x∗1iL2

if over-contributions in t = 2 are not higher than in t = 1. In all remaining periods either

Sub-Case II.1 or II.2 or II.3 or II.4 applies.
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Proof. [Proposition 4.7] By Lemma 4.3 we can use (4.26) and (4.21) to derive the effects

of one’s own minority bias (i.e. decreased αi) on optimal contributions on L1 and L2 players,

respectively. We start with L1 players, where

∂x∗tiL1

∂αi
= Ei∑

j 6=i Ej

∑
j 6=i

xt−1
j . (4.31)

So, for a given contribution of others, L1 player’s contribution is lower with her own minority

bias being present in all periods.

We now turn to L2 players and start with contribution behavior in period t 6= T . First,

note that (4.21) can also be written as

x∗tiL2 = δi
2(1−δi)(AN − 1) + αi

Ei∑
j 6=i Ej

∑
j 6=i

xtj(·, xt−1
i )

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑
j 6=i Ej

)0
∑
j 6=i

∂xt+1
j (·)
∂xti

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑
j 6=i Ej

)1
∑
j 6=i

∂xt+1
j (·)
∂xti

∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑
j 6=i Ej

)2
∑
j 6=i

∂xt+1
j (·)
∂xti

∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

∑
j 6=i

∂xt+3
j (·)
∂xt+2
i

...

+ δi
2(1−δi) [AN + (AN − 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑
j 6=i Ej

)T−(t+1)
T−t∏
l=1

∑
j 6=i

∂xt+lj (·)
∂xt+l−1
i

. (4.32)
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Now, we can use (4.32) to derive the marginal effect of increasing αi on L2 player i’s
optimal contribution:

∂x∗tiL2

∂αi
= Ei∑

j 6=i Ej

∑
j 6=i

xtj(·, x
t−1
i )

+ δi
2(1−δi)

(A
N
− 1) Ei∑

j 6=i Ej
(αi

Ei∑
j 6=i Ej

)0
∑
j 6=i

∂xt+1
j (·)
∂xti

+ 0

+ δi
2(1−δi)

(A
N
− 1) Ei∑

j 6=i Ej
(αi

Ei∑
j 6=i Ej

)1
∑
j 6=i

∂xt+1
j (·)
∂xti

∑
j 6=i

∂xt+2
j (·)

∂xt+1
i

+1 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)0 Ei∑

j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

∑
j 6=i

∂xt+2
j (·)

∂xt+1
i

+ δi
2(1−δi)

(A
N
− 1) Ei∑

j 6=i Ej
(αi

Ei∑
j 6=i Ej

)2
∑
j 6=i

∂xt+1
j (·)
∂xti

∑
j 6=i

∂xt+2
j (·)

∂xt+1
i

∑
j 6=i

∂xt+3
j (·)

∂xt+2
i

+2 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)1 Ei∑

j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

∑
j 6=i

∂xt+2
j (·)

∂xt+1
i

∑
j 6=i

∂xt+3
j (·)

∂xt+2
i

...

+ δi
2(1−δi)

(A
N
− 1) Ei∑

j 6=i Ej
(αi

Ei∑
j 6=i Ej

)T−(t+1)
T−t∏
l=1

∑
j 6=i

∂xt+l
j (·)

∂xt+l−1
i

+(T − (t+ 1)) δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)T−(t+1)−1 Ei∑

j 6=i Ej

T−t∏
l=1

∑
j 6=i

∂xt+l
j (·)

∂xt+l−1
i

(4.33)

Note that Ei∑
j 6=i Ej

can be canceled in (4.33) in order to determine whether the RHS of (4.33)

is positive or negative. Increasing αi has a positive effect on myopic contributions (first line

of the RHS in (4.33)), but an ambiguous effect on over-contributions (remaining lines of the

RHS in (4.33)). If there was only one period left, i.e. t = T −1, the effect on over-contribution

would be clearly negative (determined by the second line of the RHS in (4.33) only).

For the last period T we can use (4.11) to derive the corresponding marginal effect.

∂x∗TiL2

∂αi
= Ei∑

j 6=i Ej

∑
j 6=i

xtj(·, xt−1
i ), (4.34)

where the RHS in (4.34) is positive. So, for a given believed sum of others’ contributions, L2

players’ myopic contribution is lower with her own minority bias being present in all periods.

Proof. [Proposition 4.8] Since L1 players react to L0 players, who in turn simply contribute

the same as last period and do not best respond, L1 players cannot anticipate others’ minority

bias. By Lemma 4.3 we can use (4.21) and (4.11) to derive the effect of anticipating the

minority bias of others for L2 players in period t 6= T and T , respectively. If L2 player i

anticipates the minority bias of another player, she will weakly decrease own contributions in

period t 6= T if and only if

∂x∗tiL2

∂xtj

∂xtj(·)
∂αj

+
∂x∗tiL2

∂x′t+1
j

∂x′t+1
j (·)
∂αj

+
∂x∗tiL2

∂x′t+2
j

∂x′t+2
j (·)
∂αj

+ . . .+
∂x∗tiL2

∂x′Tj

∂x′T−1
j (·)
∂αj

≥ 0, (4.35)
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where x′t+lj =
∂xt+lj (·)
∂xt+l−1
i

. Now,
∂x∗tiL2

∂xtj
= αi

Ei∑
j 6=i Ej

> 0. For
∂xtj(·)
∂αj

we can look at L1 players’

behavior (as player i) and observe that either
∂x∗tiL1
∂αi

= Ei∑
j 6=i Ej

∑
j 6=i x

t−1
j > 0 or

∂x∗tiL1
∂αi

= 0,

depending on whether (δ̃j , α̃j) is such that the believed best response of the other L1 player

is an interior solution with positive support in Fij(·). For
∂x′t+lj (·)
∂αj

, we can again look at

L1 players’ behavior (as player i) and observe that either
∂x∗tiL1/∂x

t−1
j

∂αi
= Ei∑

j 6=i Ej
> 0 or

∂x∗tiL1/∂x
t−1
j

∂αi
= 0, again depending on the believed (δ̃j , α̃j). Now, the last step is to show that

∂x∗tiL2

∂x′t+lj

≥ 0, which by looking at (4.32) is clearly fulfilled if and only if (4.10) holds.

In the last period T , anticipating the minority bias of another player weakly decreases

own contributions if and only if
∂x∗TiL2

∂xTj

∂xTj (·)
∂αj

≥ 0 where
∂x∗TiL2

∂xTj
= αi

Ei∑
j 6=i Ej

> 0 and
∂xTj (·)
∂αj

≥ 0

holds as well.

Proof. [Proposition 4.9] Players have only beliefs about others endowments, so that for-

mally
∑

j 6=iEj becomes
∫ ∑

j 6=iEj dGi(
∑

j 6=iEj), where others’ endowments
∑

j 6=iEj are

drawn according to the distribution Gi(·). In order to isolate the pure effect of deviating

beliefs, we abstract from pure uncertainty effects, so that respective utilities of L1 and L2

players in period t become

utiL1 = δi Πt
i − (1− δi)(xti − αi

∑
j 6=i x

t−1
j

E[
∑
j 6=i Ej ]

Ei)
2, (4.36)

and

utiL2 = δi Πt
i − (1− δi)(xti − αi

E[
∑
j 6=i x

t
j(·,x

t−1
i )]

E[
∑
j 6=i Ej ]

Ei)
2, (4.37)

where E[
∑

j 6=iEj ] =
∑

j 6=iEj so that we can directly compare certain with uncertain endow-

ments. In Proposition 4.9, we are interested in the marginal effect of believing others are

richer or poorer in a way that determines E[
∑

j 6=iEj ], and without loss of generality we can

consider the marginal effect of increasing
∑

j 6=iEj .

Lemma 4.3 also holds under uncertain endowments as beliefs about others’ endowments

are fixed over time. With uncertain endowments, Assumption 4.4 becomes

x∗kiL1 ≤ Ei
E[
∑
j 6=i Ej ]

∑
j 6=i

xk−1
j ≤ Ei

for L1 players, and

x∗kiL2 ≤ Ei
E[
∑
j 6=i Ej ]

∫ ∑
j 6=i

xkj (·) dFi(
∑
j 6=i

xkj (·)) ≤ Ei

for L2 players. Condition (4.10) becomes A
N ≥ (1 − A

N )αi
Ei

E[
∑
j 6=i Ej ]

. Note that under uncer-

tainty, Assumption 4.4 implicitly restricts beliefs about the sum of others’ endowments in the
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following way. It can never happen that the believed sum of others’ contributions exceeds the

believed sum of others’ endowments in any period k. This holds for L1 and L2 players, and

also for L2 players’ beliefs about L1 players. Hence, we can use (4.26) to derive the effect of

L1 players in period t, and (4.32) and (4.11) to derive the effect of L2 players in period t 6= T

and T , respectively. We start with L1 players, where

∂x∗tiL1

∂
∑

j 6=iEj
= −αi Ei

(
∑
j 6=i Ej)

2

∑
j 6=i

xt−1
j , (4.38)

since L1 players best respond to L0 players who just contribute the same as last period so

that second-order beliefs do not play a role. Clearly, thinking others are richer decreases

contributions of L1 players.
The effect of thinking others are richer in period t 6= T is determined for L2 players by

∂x∗tiL2

∂
∑
j 6=i Ej

=

−αi Ei
(
∑

j 6=i Ej)2

∑
j 6=i

xtj(·, x
t−1
i ) + αi

Ei∑
j 6=i Ej

∂
∑

j 6=i x
t
j(·,xt−1

i )

∂
∑

j 6=i Ej

− δi
2(1−δi)

(A
N
− 1)αi

Ei
(
∑

j 6=i Ej)2
(αi

Ei∑
j 6=i Ej

)0

∑
j 6=i

x′t+lj (·)

1

− 0

+1 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)0

∑
j 6=i

x′t+lj (·)

0

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej

− δi
2(1−δi)

(A
N
− 1)αi

Ei
(
∑

j 6=i Ej)2
(αi

Ei∑
j 6=i Ej

)1

∑
j 6=i

x′t+lj (·)

2

−1 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)0αi

Ei
(
∑

j 6=i Ej)2

∑
j 6=i

x′t+lj (·)

2

+2 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)1

∑
j 6=i

x′t+lj (·)

1

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej

− δi
2(1−δi)

(A
N
− 1)αi

Ei
(
∑

j 6=i Ej)2
(αi

Ei∑
j 6=i Ej

)2

∑
j 6=i

x′t+lj (·)

3

−2 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)1αi

Ei
(
∑

j 6=i Ej)2

∑
j 6=i

x′t+lj (·)

3

+3 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)2

∑
j 6=i

x′t+lj (·)

2

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej

...

− δi
2(1−δi)

(A
N
− 1)αi

Ei
(
∑

j 6=i Ej)2
(αi

Ei∑
j 6=i Ej

)T−(t+1)

∑
j 6=i

x′t+lj (·)

T−t

−(T − (t+ 1)) δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)T−(t+1)−1αi

Ei
(
∑

j 6=i Ej)2

∑
j 6=i

x′t+lj (·)

T−t

+(T − t) δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)T−(t+1)

∑
j 6=i

x′t+lj (·)

T−t−1

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej
, (4.39)
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where
∫ ∑

j 6=i x
t
j(·, x

t−1
i )dFi(

∑
j 6=i x

t
j(·, x

t−1
i )) ≡

∑
j 6=i x

t
j(·, x

t−1
i ) (as first stated in the proof

of Proposition 4.1) and
∑

j 6=i x
′t+l
j (·) =

∑
j 6=i

∂xt+lj (·)
∂xt+l−1
i

. Note that for simplicity we assumed

that
∏T−t
l=1

∑
j 6=i x

′t+l
j (·) =

(∑
j 6=i x

′t+l
j (·)

)T−t
. This can be done since Lemma 4.3 implies an

interior solution in all periods, thus
∑

j 6=i x
′t+l
j (·) > 0, and because even if (4.27) does not

hold with equality, it does not affect the qualitative comparison of
∂x∗tiL2
∂αi

and
∂x∗tiL2

∂
∑
j 6=i Ej

because

both are equally affected. By making the same assumption, we can rewrite (4.33) as

∂x∗tiL2

∂αi
= Ei∑

j 6=i Ej
[X
′M
I +X

′OC
I ], (4.40)

where

X
′M
I =

∑
j 6=i

xtj(·, x
t−1
i ), (4.41)

X
′OC
I = δi

2(1−δi)
(A
N
− 1)(αi

Ei∑
j 6=i Ej

)0

∑
j 6=i

x′t+lj (·)

1

+ δi
2(1−δi)

(A
N
− 1)(αi

Ei∑
j 6=i Ej

)1

∑
j 6=i

x′t+lj (·)

2

+1 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)0

∑
j 6=i

x′t+lj (·)

2

+ δi
2(1−δi)

(A
N
− 1)(αi

Ei∑
j 6=i Ej

)2

∑
j 6=i

x′t+lj (·)

3

+2 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)1

∑
j 6=i

x′t+lj (·)

3

...

+ δi
2(1−δi)

(A
N
− 1)(αi

Ei∑
j 6=i Ej

)T−(t+1)

∑
j 6=i

x′t+lj (·)

T−t

+(T − (t+ 1)) δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)T−(t+1)−1

∑
j 6=i

x′t+lj (·)

T−t

. (4.42)

We can also rewrite (4.39) as

∂x∗tiL2

∂
∑

j 6=iEj
= −αi Ei

(
∑
j 6=i Ej)

2 [X
′M
I +X

′OC
I ] +X

′M
II +X

′OC
II , (4.43)
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where

X
′M
II = αi

Ei∑
j 6=i Ej

∂
∑

j 6=i x
t
j(·,xt−1

i )

∂
∑

j 6=i Ej
, (4.44)

X
′OC
II = 1 δi

2(1−δi)
[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)0

∑
j 6=i

x′t+lj (·)

0

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej

+2 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)1

∑
j 6=i

x′t+lj (·)

1

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej

+3 δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)2

∑
j 6=i

x′t+lj (·)

2

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej

...

+(T − t) δi
2(1−δi)

[A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

](αi
Ei∑

j 6=i Ej
)T−(t+1)

∑
j 6=i

x′t+lj (·)

T−t−1

∂
∑

j 6=i x
′t+l
j (·)

∂
∑

j 6=i Ej
,(4.45)

By looking at (4.38) we know that
∂
∑
j 6=i x

t
j(·,x

t−1
i )

∂
∑
j 6=i Ej

< 0 since L2 players have the same first-

and second-order belief and hence X
′M
II < 0. Taking the derivative of (4.27) with respect

to
∑

j 6=iEj shows that
∂
∑
j 6=i x

′t+l
j (·)

∂
∑
j 6=i Ej

< 0 which implies X
′OC
II < 0. Therefore, if the RHS

in (4.40)> 0, then it holds that the RHS in (4.43)< 0. The marginal effect on myopic

contributions in (4.43) is negative and on (over-) contributions it is negative if the marginal

effect on (over-) contributions is positive in (4.40).

For the last period T , we can use (4.11) to derive the corresponding marginal effects.

∂x∗TiL2

∂
∑

j 6=iEj
= −αi Ei

(
∑
j 6=i Ej)

2

∑
j 6=i

xTj (·, xT−1
i ) + αi

Ei∑
j 6=i Ej

∂
∑
j 6=i x

T
j (·,xT−1

i )

∂
∑
j 6=i Ej

, (4.46)

where the RHS in (4.46) is negative since
∂
∑
j 6=i x

t
j(·,x

t−1
i )

∂
∑
j 6=i Ej

< 0 because L2 players have the

same first- and second-order belief.

Proof. [Proposition 4.10] We start with L1 players. Taking the derivative with respect to
A
N in (4.26) yields

∂x∗tiL1
∂(A/N) = δi

2(1−δi) > 0. How exactly the derivative with respect to A
N looks

like for L2 players in period t 6= T depends on whether there are planned corner solutions in

later periods. (4.21) determines optimal contributions if there are no planned corner solutions

in later periods, (4.22) when the next period is no corner solution planned but at some later

period, and (4.23) when the next period already yields a corner solution. It is straightforward

to check that marginally increasing A
N yields a positive effect on myopic contributions in (4.21),

(4.22), and (4.23). Therefore the effect on x∗tiL2 is clearly positive in all cases. Moreover, the

effect on over-contribution is positive in (4.21), positive in (4.22) because
∂XOCt+1

i
∂(A/N) ≥ 0, and

weakly positive in (4.23) because the believed
∑

j 6=i
∂xt+1
j (·)
∂xti

≥ 0 in this case. In the last period

T , taking the derivative with respect to A
N in (4.11) yields

∂x∗TiL2
∂(A/N) = δi

2(1−δi) > 0.
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Proof. [Proposition 4.11] In order to determine the effect of increasing N for L1 players,

we can look at (4.26). If the number of players N increases and A increases in such a way as to

hold the marginal per capita return from the public good A
N constant, then there is no effect

for L1 players in period t if
∑
j 6=i x

t−1
j∑

j 6=i Ej
remains constant. By looking at (4.11), the same holds

true for L2 players’ contributions in period T if the believed
∑
j 6=i x

T
j (·,xT−1

i )∑
j 6=i Ej

stays constant. In

period t 6= T and given Assumption 4.1, we can use (4.21) to determine the effect of increasing

N for L2 players. Again, their myopic contributions in period t 6= T are not affected if the

believed
∑
j 6=i x

t
j(·,x

t−1
i )∑

j 6=i Ej
stays constant. This changes, however with respect to their over-

contribution. Under heterogeneous endowments, the believed
∑

j 6=i
∂xt+lj (·)
∂xt+l−1
i

may change with

additional players depending on their endowments. Under homogeneous endowments, the

believed
∑

j 6=i
∂xt+lj (·)
∂xt+l−1
i

is constant so that increasing N has no effect if the believed preferences

of others remain constant. Still, αi
Ei∑
j 6=i Ej

= αi
1

N−1 in (4.21) decreases with N , so that the

term [AN +(AN −1)αi
Ei∑
j 6=i Ej

] increases with N . So, even if there was under-contribution, under-

contributions would decrease with N and hence contributions of L2 players would increase.

Also, over-contributions increase with N , so L2 players contribute more in period t 6= T if the

number of players N increases.

Proof. [Proposition 4.12] By Lemma 4.3 we can observe the effect of increasing T in period

t 6= T by looking at (4.26) for L1 players and (4.21) for L2 players. Increasing T does not

affect L1 players’ contributions as they are completely myopic. L2 players’ over-contribute and

these over-contributions increase since the finite series of the believed sum of slopes of others

believed best response functions is longer. In period T , L2 players (but not L1 players) also

increase contributions as already with one more period left they will start to over-contribute.

Proof. [Proposition 4.13] With T = 1 we can use (4.26) for L1 players and (4.11) for L2

players in order to see what players contribute in a one-shot game. First, note that there is

no over-contribution for L2 players, so both L1 and L2 players contribute according to their

myopic contributions. For L1 players if
∑

j 6=i x
0
j = 0, they would not contribute. Similarly, L2

players with believed
∑

j 6=i x
1
j (·, x0

i ) = 0 would not contribute. L1 players with
∑

j 6=i x
0
j > 0

would have x∗1iL1 ≥ 0 and x∗1iL1 > 0 if δi is sufficiently small for a given value of αi, Ei,
∑

j 6=iEj ,

and A
N . L2 players with believed

∑
j 6=i x

1
j (·, x0

i ) > 0 would also have x∗1iL2 ≥ 0 and x∗1iL2 > 0 if

δi is sufficiently small for a given value of αi, Ei,
∑

j 6=iEj , and A
N . Since L2 players react on

believed
∑

j 6=i x
1
j (·, x0

i ), what they believe others will contribute depends additionally on the

believed δ̃j and α̃j of L1 players. Since this belief is not necessarily correct, it can well happen

that L2 players contribute more than L1 players (for a common believed relative ‘home-grown’

contribution of L0 players) despite they best respond and imperfectly match other L1 players.
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Proof. [Proposition 4.14] By Lemma 4.3, we can use (4.21) to derive the effect of increased

selfishness on L2 players’ contribution behavior in period t 6= T , (4.11) to derive their effect in

period T , and (4.26) to derive the effect for L1 players in period t. We start with L2 players

in period t 6= T .

∂x∗tiL2

∂δi
=

[
A
N − 1 + (AN + (AN − 1)αi

Ei∑
j 6=i Ej

)
∑

j 6=i x
′
j

]
2(1− δi)

4(1− δi)2

−

[
δi(

A
N − 1) + δi(

A
N + (AN − 1)αi

Ei∑
j 6=i Ej

)
∑

j 6=i x
′
j

]
(−2)

4(1− δi)2

=
(AN − 1) + (AN + (AN − 1)αi

Ei∑
j 6=i Ej

)
∑

j 6=i x
′
j

2(1− δi)2
, (4.47)

where
∑

j 6=i x
′
j =

∑
j 6=i

∂xt+1
j (·)
∂xti

(1 +αi
Ei∑
j 6=i Ej

∑
j 6=i

∂xt+2
j (·)
∂xt+1
i

(1 +αi
Ei∑
j 6=i Ej

∑
j 6=i

∂xt+3
j (·)
∂xt+2
i

(. . . (1 +

αi
Ei∑
j 6=i Ej

∑
j 6=i

∂xTj (·)
∂xT−1
i

)))). The denominator in (4.47) is positive, the first term of the nu-

merator is negative and the second term of the numerator is positive if and only if (4.10)

holds strictly. So, if there was no over-contribution or even under-contribution, clearly more

selfishness would decrease contributions. Now, suppose that (4.10) holds strictly. Then, more

selfishness does not increase contributions if and only if

∑
j 6=i

x′j ≤
1− A

N
A
N − (1− A

N )αi
Ei∑
j 6=i Ej

. (4.48)

Since we already showed that second-order conditions are negative (in the proof of Propo-

sition 4.1), the assumption that contributions in period t are not higher than under perfect

relative conditional cooperation translates into the condition that the first-order condition

specifying x∗tiL2 is weakly negative at xti = Ei∑
j 6=i Ej

∑
j 6=i x

t
j(·, x

t−1
i ) (where

∑
j 6=i x

t
j(·, x

t−1
i ) ≡∫ ∑

j 6=i x
t
j(·) dFi(

∑
j 6=i x

t
j(·))), so that only a decrease of xti can equalize the first-order con-

dition.

∂U tiL2

∂xti

∣∣∣∣
xti=

Ei∑
j 6=i Ej

∑
j 6=i x

t
j(·,x

t−1
i )

= δi(
A
N − 1)− 2(1− δi)(1− αi) Ei∑

j 6=i Ej

∑
j 6=i

xtj(·, xt−1
i )

+δi
A
N

∑
j 6=i

∂xt+1
j (·)
∂xti

− 2(1− δi)(xt+1
i − αi Ei∑

j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

)

(−αi Ei∑
j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

)

≤ 0. (4.49)
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Plugging in x∗t+1
iL2 yields

δi
2(1−δi)

∑
j 6=i

∂xt+1
j (·)
∂xti

≤

δi
2(1−δi)

(1− A
N

) + Ei∑
j 6=i Ej

(1− αi)
∑
j 6=i x

t
j(·, x

t−1
i )

(A
N

+ (A
N
− 1)αi

Ei∑
j 6=i Ej

)(1 + αi
Ei∑

j 6=i Ej

∑
j 6=i

∂xt+2
j (·)

∂xt+1
i

(. . . (1 + αi
Ei∑

j 6=i Ej

∑
j 6=i

∂xTj (·)

∂xT−1
i

)))

(4.50)

and hence

∑
j 6=i

x′j ≤
1− A

N
A
N − (1− A

N )αi
Ei∑
j 6=i Ej

+
2(1− δi)(1− αi) Ei∑

j 6=i Ej

∑
j 6=i x

t
j(·, x

t−1
i )

δi(
A
N − (1− A

N )αi
Ei∑
j 6=i Ej

)
. (4.51)

The LHS in (4.51) is equal to the LHS in (4.48). The first term of the RHS in (4.51) is equal

to the RHS in (4.48). The second term of the RHS in (4.51) is positive since the believed∑
j 6=i x

t
j(·, x

t−1
i ) > 0 (by Lemma 4.3). So, (4.48) implies (4.51) but not vice versa.

In the last period T ,

∂x∗TiL2

∂δi
=

A
N − 1

2(1− δi)
< 0. (4.52)

So, clearly more selfishness decreases L2 players’ contributions in the last period.

For L1 players in period t, we also get

∂x∗tiL1

∂δi
=

A
N − 1

2(1− δi)
< 0, (4.53)

so that more selfishness decreases L1 players’ contributions in period t.

Proof. [Corollary 4.15] Contributions of L2 players in period t 6= T are not higher than

under full relative conditional cooperation if and only if the first-order condition specify-

ing x∗tiL2 is weakly negative at xti = αi
Ei∑
j 6=i Ej

∑
j 6=i x

t
j(·, x

t−1
i ) (where

∑
j 6=i x

t
j(·, x

t−1
i ) ≡∫ ∑

j 6=i x
t
j(·) dF (

∑
j 6=i x

t
j(·))), so that only a decrease of xti can equalize the first-order con-

dition (since the second-order conditions are negative as shown in the proof of Proposition

4.1).

∂U tiL2

∂xti

∣∣∣∣
xti=αi

Ei∑
j 6=i Ej

∑
j 6=i x

t
j(·,x

t−1
i )

= δi(
A
N − 1) + δi

A
N

∑
j 6=i

∂xt+1
j (·)
∂xti

− 2(1− δi)

(xt+1
i − αi Ei∑

j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

)(−αi Ei∑
j 6=i Ej

∑
j 6=i

∂xt+1
j (·)
∂xti

)

≤ 0. (4.54)
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Plugging in x∗t+1
iL2 yields

∑
j 6=i

x′j ≤
1− A

N
A
N − (1− A

N )αi
Ei∑
j 6=i Ej

. (4.55)

(4.55) is equal to (4.48), so more selfishness decreases contributions if and only if contributions

are lower than under full relative conditional cooperation.

Proof. [Proposition 4.16] By Assumption 4.1, we can look at (4.26) for L1 players, (4.21) for

L2 players in period t 6= T , and (4.11) for L2 players in period T . Increasing the endowments

of all players by the same factor z > 1 (weakly) increases L1 players’ contributions in period t

if and only if
∑

j 6=i x
t−1
j (weakly) increases. This is because zEi

z
∑
j 6=i Ej

= Ei∑
j 6=i Ej

. Similarly, L2

players’ contributions in period t (weakly) increase if and only if the believed
∑

j 6=i x
t
j(·, x

t−1
i )

(weakly) increases because over-contributions stay constant as the believed
∂xt+lj (·)
∂xt+l−1
i

is not

affected.

In the first period, all players have the same ‘home-grown’ belief about L0 players’ con-

tributions, which is simply some percentage of their endowment. Increasing all endowments

by some factor z means that absolute ‘home-grown’ contributions also increase by z. Best re-

sponding to that means that L1 players contribute more in the first period, but also L2 players

who best respond to L1 players. These higher contributions in the first period shift players to

a higher contribution path, so that
∑

j 6=i x
t−1
j as well as the believed

∑
j 6=i x

t
j(·, x

t−1
i ) increases

in all periods.
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4.9 Appendix C: Instructions (translated from German)

General Instructions79

Thank you very much for your appearance. In the next 90 minutes you are going to take part

in an experiment at the laboratory of MELESSA.

If you read the following instructions carefully, you can earn money depending on your deci-

sions. The money earned during the experiment will be added to the show-up fee and paid

out in cash at the end of the experiment.

During the experiment you are not allowed to communicate with the other participants. If

you have any questions, please raise your arm. One of the experimenters will then come to

your seat to answer your questions. You are not allowed to use your mobile phones or to open

any programs on the computer. In the case of violation of these rules we have to exclude you

from the experiment including all payments.

During the experiment we will refer to Experimental Monetary Units (EMU) and not to

Euros. Your income will be calculated in EMU. At the end of the experiment, the total sum

of earnings in EMU will be exchanged into Euros.

The exchange rate is: 1EMU = 10 Eurocents.

In this experiment there are two different types: L and H. Type L and type H differ in

their initial endowment. The total number of both types in the experiment is equal, hence

there are as many L as there are H types.

At the beginning of the experiment you are randomly assigned a type. All participants have

an equal chance to be of either type (L or H).

Then all participants are, again randomly, distributed into groups of three. None of the

participants knows the identity of his or her group partners. Thus, all your decisions remain

completely anonymous.

The Decision Situation:

We will explain the details of the experiment later. First, we want you to get familiar with

the decision problem.

You are in a group together with two other participants (hence there are three group members

in total). Every group member receives an initial endowment which depends on the type (L

or H). Remember: the type is assigned randomly. Type L and type H have the following

initial endowments.

79All participants; both types; both treatments.
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Type L has an initial endowment of 4 EMU.

Type H has an initial endowment of 8 EMU.

All group members have to decide how many EMU of their initial endowment they want to

transfer to a project. All EMU that are not transferred to the project are kept in private

(by the respective participant). In the following we will describe how your total income is

calculated.

Income from Private Property:

Every unit (EMU) of the initial endowment that has not been transferred to the project is

kept in private property. For instance, if you are an L type (you have an initial endowment

of 4 EMU) and decide to transfer 3 EMU to the project, 1 EMU will be kept as your private

property. If you decide, for example, to transfer nothing (0 EMU) to the project, your private

property will contain 4 EMU.

Income from the Project:

All group members benefit equally from the contributions made toward the project. This

means that your income from the project is equal to that of the two other group members.

Only the sum of contributions determines this income. Your income (and that of the two

other group members) is calculated as follows.

Income from the project = Sum of all 3 contributions ∗ 0.6.

Example:

If you contribute 3 EMU to the project and the other group members contribute 1 EMU and

6 EMU, the sum of contributions is 10 EMU (3 + 1 + 6 = 10). Then, all group members

receive 6 EMU (10 ∗ 0.6) as their income from the project.

Total income:

Your total income is calculated as the sum of the income from private property and the income

from the project:

Your private income (= Your endowment - Your contribution to the project)

+ Your income from the project (= 0.6 ∗ Sum of all contributions)

= Your total income.

The following control questions will help you to better understand the calculation of your

total income.

Control Questions:

Please answer the following questions. They will help you to better understand the calculation

of your income. Please fill in the solutions of all questions and raise your arm as soon as you
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have finished this task. Then, one of the experimenters will come to your seat in order to

check your answers.

1. Assume that all three group members have an initial endowment of 4 EMU. Assume further

that neither you nor any of the other group members has contributed anything to the project.

a) What will your total income be?

b) What will the total income of each of the other two group members be?

2. Assume that all three group members have an initial endowment of 8 EMU. Assume further

that you have contributed 8 EMU and the two other group members have also contributed 8

EMU.

a) What will your total income be?

b) What will the total income of each of the other two group members be?

3. Assume that you have an initial endowment of 4 EMU. The two other group members

have an initial endowment of 8 EMU. The two other group members contribute 5 EMU each.

a) What will your total income be if you contribute nothing (0 EMU)?

b) What will your total income be if you contribute 2 EMU?

c) What will your total income be if you contribute 4 EMU?

4. Assume that all group members have an initial endowment of 4 EMU. Assume further

that you contribute 2 EMU.

a) What will your total income be if the two other group members contribute the sum of 6

EMU?

b) What will your total income be if the two other group members contribute the sum of 8

EMU?

c) What will your total income be if the two other group members contribute the sum of 2

EMU?

After you have answered all four control questions or in case you have any other questions,

please raise your arm. Then, one of the experimenters will check your answers of the control

questions and will answer further questions.

Instructions Part 180

The Experiment

The experiment includes the decision situations that you have just become acquainted with.

At the end of the experiment you will receive a payment according to your decisions.

80P-Experiment; H type; both treatments.
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The experiment consists of two parts. These two parts are completely independent from

each other. Your decisions in the first part of the experiment have no influence on the process

or the income of the second part of the experiment, and vice versa. During the experiment

you have to confirm your decisions by pressing the “OK” button. Please note that decisions

that have been confirmed are final and cannot be reversed.

You have been randomly assigned the type H. This means you are type H for the entire

duration of the experiment and you can decide over the initial endowment of 8 EMU.

The procedure of the experiment is the following:

1. Please read the instructions for the first part of the experiment carefully and put them on

your desk in front of you (up-side down) when you have finished reading.

2. Next, you will exercise Part 1 of the experiment on the computer.

3. As soon as all participants have completed Part 1, you will receive the instructions for

Part 2 of the experiment. Again, you should read them carefully and put them up-side down

on your desk when you have understood the set-up and in case you have no further questions.

4. Then, you will complete Part 2 of the experiment on the computer.

5. As soon as all participants have finished Part 2, you will be asked to complete a ques-

tionnaire on the computer. Your answers to this questionnaire have no influence on your

income.

6. At the end of the experiment you will get information about your income of both parts of

the experiment.

In the following we describe the first part of the experiment in detail.

Instructions Part 1

Since you do not know the types (L or H) of the other two members of your group, you may

find yourself in one of three possible situations. The two other group members may be both

of type L, they may both be of type H or one group member may be a L type and the other

may be an H type.

The first part of the experiment consists of two stages:

Stage 1: unconditional decisions

Stage 2: conditional decisions

1. Unconditional Decisions:

Here you decide about your contribution to the project independently from the decisions of

the other group members. In this table you have to state your contribution to the project for
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all three possible group structures in which you may find yourself (see above). Since all par-

ticipants of the experiment decide simultaneously, neither you nor the two other participants

in your group know the level of contributions of the other group members.

2. Conditional Decisions:

Here you decide about your contribution, conditional on the decisions of your group mem-

bers. To do this you have to fill in the following three tables. For each of the three possible

group structures you get one table. The rows in the tables tell you what the contributions

of your group members are. You have to state in each row and column how much you want

to contribute given the contributions of the other group members. This means you know

how much the other group members have contributed before you decide about your own

contributions in the different situations.

In the following example you see the table for the case where both other group members are

of type L:
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Two Examples:

1. In the first situation (upper left side of the screenshot) the two other group members (in

this table both are of type L) have decided to contribute 0 EMU. Hence you have to decide

how many EMU you want to contribute to the project (between 0 and 8, since you are of type

H) and enter the amount into the respective cell.

2. In the second situation (lower right side) one of the group members has contributed 3

EMU, and the other has contributed 4 EMU. Again, you have to decide about your own

contribution and enter the number into the respective cell.

These decisions have to be made for all presented situations.

Note that every single situation may be relevant for your income.

After all the participants have made all the decisions, conditional and unconditional, they will

be allocated randomly into groups of three. As mentioned above, you may be matched with

two group members of type L, both group members of type H, or one group member of type

L and the other one of type H.

Then, one member of the group is chosen randomly. For this participant, the three tables

of the conditional contribution decisions are relevant (which of these three tables is relevant,

depends on the randomly determined group structure). Which particular situation (entry) of

the respective table is in fact relevant, depends now on the unconditional contributions of the

other two group members for the randomly determined group structure.
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So, the income of all three group members depends on the conditional contribution of the

randomly chosen participant and on the unconditional contributions of the other two group

members.

At the time when you make your decisions, you will not know, whether you will be one

of the participants for whom the unconditional contribution is relevant or one for whom the

conditional contributions are relevant. Therefore you should think carefully about every single

decision (in both stages), since every one of them may determine your income (of this part of

the experiment).

For an illustration consider the following example:

Assume you are randomly allocated to a group in which the other group members are of

type L. Assume further that you are randomly chosen to be the participant for whom the

conditional contribution is relevant. Consequently, the unconditional contribution is relevant

for the other two group members. Assume that the unconditional contributions of the other

two group members (both type L) are 2 EMU and 3 EMU for the relevant situation (for both,

the situation is relevant in which one group member is of type L and the other is of type H).

For yourself, the table for the group structure with two type L participants is relevant. Your

income is now determined by the decision on your contribution in case one group member

has contributed 2 EMU and the other has contributed 3 EMU. Assume you have chosen to

contribute 5 EMU in this situation.

In this case, the sum of contributions is 2+3+5 = 10 EMU. Hence, all group members receive

0.6 ∗ 10 = 6 EMU from the project. In total you receive 3 EMU from your private property

(8− 5 = 3 EMU) and 6 EMU from the project leading to the sum of 9 EMU.

The group member (type L) who has contributed 2 EMU receives 2 EMU from his/her private

property (4 − 2 = 2 EMU) and 6 EMU from the project and hence has a total income of 8

EMU.

The other group member (type L), who has contributed 3 EMU, receives 1 EMU from his/her

private property (4− 3 = 1 EMU) and 6 EMU from the project, making it a total income of

7 EMU.

If you have any further questions, please raise your arm. An experimenter will then come to

your seat in order to answer the questions. If you have no further questions, please put the

instructions up-side down on your desk.

Instructions Part 281

In the second part of the experiment, the now familiar decision situation is repeated 10 times

(structured in 10 periods).

81C-Experiment; H type; uncertainty treatment
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You are still type H and have an initial endowment of 8 EMU (you will receive these 8

EMU in each period).

You are still together with the two other group members from the first part of the experiment.

You still do not know the types of the other group members. You will stay together with

these two participants over all 10 periods.

The decision situation remains unchanged. You decide in each period about the allocation of

your initial endowment of 8 EMU. The calculation of your income remains also unchanged

and is repeated in the following:

Private income (= 8 - contribution to the project)

+ Income from the project (= 0.6 ∗ Sum of all contributions)

= Total income.

At the beginning of each period, we will ask you to indicate your expectations about the

initial endowments of the other two group members. So, you are required to make a guess

about the type of the other participants in your group. There are three possible compositions

of your group: you are together with two participants of type L, with two participants of

type H, or with one participant of type H and one of type L. Please allocate probabilities (in

percentage points) to each of these group structures.

For example, if you are 100% sure that you are in a group in which both other group members

are of type L, you will fill in 100 in the first row and 0 in each of the other two rows.

If you rather think the chances are 50% to be in a group in which both other group members

are of type L, 25% to be in a group in which one group member is of type L and the other is

of type H, and 25% to be in a group with two participants of type H, you will need to fill in

50 in the first, 25 in the second and 25 in the third row.
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Note that the probabilities of your expectations (the numbers you fill in) have to add up to

100.

If you believe that the probability to be in each of the three group structures is equal, please

fill in 34, 33, and 33 in the three rows.

Moreover, you are asked how many EMU you think the other two group members will con-

tribute in the respective period. So, you have to guess how many EMU each of your group

members will contribute.

You will be paid for the accuracy of this guess in the following way:

• If your expectation is completely correct, you will receive 2 EMU (for each group mem-

ber).

• If your expectation deviates by not more than 1 EMU from the real value, you will

receive 1 EMU (for each group member).

• If your expectation deviates by 2 EMU or more, you will receive nothing.

In a last step you have to decide how many EMU of your initial endowment of 8 EMU (which

you receive at the beginning of each of the 10 periods) you actually want to contribute to the

project in the respective period.

As soon as all group members have stated their decisions, you will be shown a table that

states how many EMU all other group members have contributed and how many EMU you

have earned in the respective period (excluding the income from correct expectations about

the group structure). Then, a new period starts.
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All group members get the same information about the contributions of the other group

members.

None of the group members receives information about the type (L or H) of any of the other

group members.

The income of all periods is summed up. After the 10th period you receive the payment in

private and separately from other participants.

The final income then consists of the following:

1. Show-up fee of 4 Euros.

2. The income from the first part of the experiment.

3. The sum of incomes from the 10 periods of the second part of the experiment, including

the payments for correct expectations.

If you have any questions, please raise your arm. An experimenter will come to your seat

in order to answer your questions. If you do not have any further questions, please put the

instructions up-side down on your desk, so that we can start with the second part of the

experiment on the computer.
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René Duhamel, and Angela Sirigu (2004). “The Involvement of the Orbitofrontal

Cortex in the Experience of Regret”, Science 304, pp1167-1170.

[50] Card, David, and Gordon B. Dahl (2011). “Family Violence and Football: The

Effect of Unexpected Emotional Cues on Violent Behavior”, Quarterly Journal

of Economics 126(1), pp103-143.

[51] Cardenas, Juan-Camilo (2003). “Real Wealth and Experimental Cooperation:

Experiments in the Field Lab”, Journal of Development Economics 70(2), pp263-

289.

[52] Carroll, Christopher D., and Miles S. Kimball (2008). “Precautionary Saving

and Precautionary Wealth”, in Steven N. Durlauf, and Lawrence E. Blume, eds.,

The New Palgrave Dictionary of Economics, 2nd ed., vol. 6, New York: Palgrave

MacMillan, pp576-585.

[53] Chan, Kenneth S., Stuart Mestelman, Robert Moir, and R. Andrew Muller

(1999). “Heterogeneity and the Voluntary Provision of Public Goods”, Exper-

imental Economics 2(1), pp5-30.

[54] Charness, Gary, and Matthew Rabin (2002). “Understanding Social Preferences

with Simple Tests”, Quarterly Journal of Economics 117(3), pp817-869.

[55] Chen, Yan, and Sherry Xin Li (2009). “Group Identity and Social Preferences”,

American Economic Review 99(1), pp431-457.

[56] Cherry, Todd L., Stephan Kroll, and Jason F. Shogren (2005). “The Impact of

Endowment Heterogeneity and Origin on Public Good Contributions: Evidence



252 BIBLIOGRAPHY

from the Lab”, Journal of Economic Behavior and Organization 57(3), pp357-

365.

[57] Chetty, Raj (2006). “A New Method of Estimating Risk Aversion”, American

Economic Review 96(5), pp1821-1834.

[58] Chew, Soo Hong, Edi Karni, and Zvi Safra (1987). “Risk Aversion in the Theory

of Expected Utility with Rank Dependent Probabilities”, Journal of Economic

Theory 42(2), pp370-381.

[59] Choi, Syngjoo, Raymond Fisman, Douglas Gale, and Shachar Kariv (2007).

“Consistency and Heterogeneity of Individual Behavior under Uncertainty”,

American Economic Review 97(5), pp1921-1938.

[60] Coricelli, Giorgio, Hugo D. Critchley, Mateus Joffily, John P. O’Doherty, Angela

Sirigu, and Raymond J. Dolan (2005). “Regret and its Avoidance: A Neuroimag-

ing Study of Choice Behavior”, Nature Neuroscience 8, pp1255-1262.

[61] Costa-Gomes, Miguel A., and Vincent P. Crawford (2006). “Cognition and Be-

havior in Two-Person Guessing Games: An Experimental Study”, American

Economic Review 96(5), pp1737-1768.

[62] Costa-Gomes, Miguel A., Vincent P. Crawford, and Bruno Broseta (2001). “Cog-

nition and Behavior in Normal-Form Games: An Experimental Study”, Econo-

metrica 69(5), pp1193-1235.

[63] Costa-Gomes, Miguel A., Vincent P. Crawford, and Nagore Iriberri (2009).

“Comparing Models of Strategic Thinking in Van Huyck, Battalio, and Beil’s

Coordination Games”, Journal of the European Economic Association 7(2-3),

pp365-376.

[64] Costa-Gomes, Miguel A., and Georg Weizsäcker (2008). “Stated Beliefs and Play
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[105] Gächter, Simon (2007). “Conditional Cooperation: Behavioral Regularities from

the Lab and the Field and their Policy Implications”, in B.S. Frey and A. Stutzer,

eds., ‘Economics and Psychology. A Promising New Cross-Disciplinary Field’,

MIT Press, Cambridge, MA, pp19-50.

[106] Gächter, Simon, Daniele Nosenzo, Elke Renner, and Martin Sefton (forthcom-

ing). “Who Makes a Good Leader? Cooperativeness, Optimism, and Leading-

By-Example”, Economic Inquiry.

[107] Gill, David, and Victoria Prowse (forthcoming). “A Structural Analysis of Disap-

pointment Aversion in a Real Effort Competition”, American Economic Review.

[108] Gollier, Christian (2003). “To Insure or Not to Insure?: An Insurance Puzzle”,

Geneva Papers on Risk and Insurance Theory 28(1), pp5-24.

[109] Gollier, Christian (2010). “Ecological Discounting”, Journal of Economic Theory

145(2), pp812-829.

[110] Gollier, Christian, Bruno Jullien, and Nicolas Treich (2000). “Scientific Progress

and Irreversibility: An Economic Interpretation of the ‘Precautionary Principle’

”, Journal of Public Economics 75(2), pp229-253.

[111] Gollier, Christian, and John W. Pratt (1996). “Risk Vulnerability and the Tem-

pering Effect of Background Risk”, Econometrica 64(5), pp1109-1123.

[112] Gollier, Christian, and Nicolas Treich (2003). “Scientific progress and irreversibil-

ity: an economic interpretation of the ‘Precautionary Principle’ ”, Journal of Risk

and Uncertainty 27(1), pp77-103.

[113] Greiner, Ben (2004). “An Online Recruitment System for Economic Ex-

periments”, in Kurt Kremer, and Volker Macho, eds., Forschung und

wissenschaftliches Rechnen 2003, GWDG Bericht 63, pp79-93. Göttingen:

Gesellschaft für Wissenschaftliche Datenverarbeitung.

[114] Guala, Francesco (2005). “The Methodology of Experimental Economics”, Cam-

bridge University Press, New York.

[115] Hack, Andreas, and Frauke Lammers (2009). “The Role of Expectations in the

Formation of Reference Points over Time”, mimeo.



BIBLIOGRAPHY 257

[116] Harrison, Glenn W., Steven J. Humphrey, and Arjan Verschoor (2010). “Choice

under Uncertainty: Evidence from Ethiopia, India and Uganda”, Economic Jour-

nal 120(2), pp80-104.

[117] Harrison, Glenn W., Eric Johnson, Melayne M. McInnes, and E. Elisabet

Rutsröm (2005). “Risk Aversion and Incentive Effects: Comment”, American

Economic Review 95(3), pp900-904.

[118] Harrison, Glenn W., John A. List, and Charles Towe (2007). “Naturally Occur-

ring Preferences and Exogenous Laboratory Experiments: A Case Study of Risk

Aversion”, Econometrica 75(2), pp433-458.

[119] Harrison, Glenn W., and E. Elisabet Rutsröm (2008). “Risk Aversion in the

Laboratory”, in James C. Cox and Glenn W. Harrison, eds., Risk Aversion in

Experiments, Research in Experimental Economics vol. 12, pp41-196. Bingley:

Emerald.
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