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1 Introduction

One of the core topics in economics is choice behavior under risk and uncertainty: A decision
maker chooses from a set of actions, the outcomes of which depend on the true state of the
world which is a priori unknown to the decision maker. Whereas risk is measurable in the sense
that probabilities for all possible states of the world are given and known, this is not the case for
uncertainty (Knight 1921). An important source of uncertainty is the behavior of others in social
interactions, which is referred to as strategic uncertainty (Van Huyck et al. 1990, Brandenburger
1996). This dissertation comprises four experimental studies that deal with different kinds of
risk and uncertainty, ranging from risk in simple lotteries to strategic uncertainty resulting from

others’ actions.

Actual human choice behavior is often found to diverge from the assumptions of standard
economic theory. The field of behavioral economics augments established economic models by
integrating insights from psychology, thereby increasing their explanatory power (Camerer and
Loewenstein 2004). DellaVigna (2009) defines three kinds of deviations from standard theory
that influence the outcome of decision making processes. First, non-standard preferences imply
that factors apart from the decision maker’s own outcome have an impact on her utility. A
prominent example for non-standard preferences are social preferences, which means that a
decision maker’s utility is influenced by (her beliefs about) the outcome of others. An increasing
number of studies shows the importance of social preferences under certainty;! yet, little is
known about behavior in a social context under uncertainty. The second and the fourth study in
this thesis deal with the question how social preferences affect decision making under risk and
under strategic uncertainty, respectively.2 Second, non-standard beliefs are characterized by a
systematic bias in the perception of the probabilities associated with different states of the
world. One example of biased beliefs is overconfidence, the systematic overestimation of own

performance, which is dealt with in the first study. Third, non-standard decision-making refers to

1 For an overview see e.g. Fehr and Schmidt (2006).
2 Social preferences are also briefly discussed in the third study.
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flaws in the actual decision-making process, such as the use of heuristics due to cognitive
limitations. We address this topic in the third study where we find that subjects behave ex-post
rational: although they are re-matched after each round, they tend to adjust their behavior in the
current round to what would have been best in the previous round, given the choices of the

remaining players in their former group.

In the following, we will briefly summarize the four studies and classify them with respect to the
source of risk. Furthermore, we will point out the main behavioral anomalies we observe,

following the categorization by DellaVigna (2009) described above.

The first study deals with the measurement of overconfidence, an example for non-standard
beliefs. In this study, the source of uncertainty lies in the subject’s own performance.3
Overconfidence refers to the difference between subjectively perceived performance and actual
performance. The appropriate measurement of overconfidence is subject to a number of
problems which remain to be solved, despite significant advances in recent research. We identify
three main issues and develop a measurement of overconfidence that performs better regarding
all three aspects. We theoretically prove that our method is strictly incentive compatible and
robust to risk attitudes within the framework of Cumulative Prospect Theory. Furthermore, our
method allows the measurement of various levels of overconfidence and the direct comparison
of absolute and relative confidence. We implement our method in the lab, replicate recent
results, and show that the same population can be simultaneously measured as overconfident,

well-calibrated, and underconfident.

The second study deals with simple risks stemming from lotteries where probabilities are
known, aiming at a better understanding of how risk taking changes if a second, passive player is
affected, and if risk taking is influenced by information about other players’ decision making.* In
studying the effect of social preferences on risk taking, we consider a case of non-standard
preferences. We measure changes in risk taking if decisions affect a second party, compare the

effect of negatively and positively correlated payoffs, and vary the amount of available

3 This study is joint work with Diemo Urbig and Utz Weitzel (Stauf et al. 2011).
4 This study is joint work with Gary Bolton and Axel Ockenfels (Bolton et al. 2012).
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information. We find that participants use the available information to adjust their risk taking,
thus behaving more conform with others. Moreover, this adjustment occurs more often and to a
higher degree if this implies less risk taking than before, leading to higher conservatism in a
social context. The more the decisions are embedded in a social context, the more pronounced

are these effects.

The third and the fourth study deal with strategic uncertainty in an n-person hero game.s We
investigate a situation in which exactly one person within a group should make a costly effort to
increase the payoff of everyone else and reach the socially efficient outcome. In the third study,
we investigate two versions of the hero game that differ with respect to their equilibria; while
the first version of the game offers one equilibrium in dominant strategies in the one-shot game,
the second version is a classical coordination game with n pure strategy equilibria. While
behavior in the first version is largely in line with standard theory, we find that in the
coordination game, a substantial fraction of players chooses strategies that should never be
chosen according to standard theory. We discuss social preferences and risk aversion as
potential explanations for these deviations. Furthermore, we find that players tend to behave ex-
post rational; even if they are randomly rematched, they tend to adjust their behavior to their
experience in the previous round. This behavioral pattern is an example of non-standard decision

making.

In a follow-up study, we focus on the version of the hero game that represents a coordination
problem. Probably the most common means to solve coordination problems is communication
between the involved parties. We investigate the impact of two different communication
mechanisms on coordination. The first mechanism allows one randomly chosen player to send a
message to the other players to indicate which effort she is going to choose, which we refer to as
one-way communication. The second mechanism termed multi-way communication allows all
players to send messages to each other simultaneously. We show that, from a theoretical point of

view, multi-way communication should not have any effect, while one-way communication

5 The third study is joint work with Christoph Feldhaus (Feldhaus and Stauf 2012) and is based on a
diploma thesis (Feldhaus 2011).



should lead to a substantially higher coordination rate. In particular, we show that there exists
an asymmetric mixed-strategy equilibrium which results in a higher expected overall payoff
than the symmetric one, and we argue that it is plausible that this equilibrium is played with
one-way communication. However, our experimental data shows that multi-way communication
significantly improves coordination in comparison to a situation without communication, while
one-way communication leads to mixed results. We propose non-standard preferences and in

particular efficiency concerns as an explanation for the deviations from standard theory.

[ contributed to the respective chapters in the following way. I developed the general idea for the
first paper (Stauf et al. 2011, chapter 2). I designed, programmed and conducted the experiment
in collaboration with Diemo Urbig. I carried out most of the statistical analyses, and I wrote the
major part of the draft. Regarding the second paper (Bolton et al. 2012, chapter 3), I was
centrally involved in the development of the idea and the hypotheses, as well as in the design of
the experiment. I programmed and conducted the experiment, and I carried out the majority of
the statistical analyses. I wrote the draft in collaboration with Gary Bolton and Axel Ockenfels.
The third paper (Feldhaus and Stauf 2012, chapter 4) is based on a diploma thesis written by
Christoph Feldhaus that was supervised by Axel Ockenfels and myself; the idea for this paper
came from Axel Ockenfels. I participated in the development of the hypotheses and the design.
The experiment was programmed and conducted by Christoph Feldhaus. The draft at hand is
based on the text of the diploma thesis; [ rewrote substantial parts and added a number of
statistical analyses. The fourth paper (Stauf 2012, chapter 5) was single-authored. I developed
the idea and the hypotheses based on the third paper, and I used parts of the data from the
previous experiments as baseline. I designed, programmed and conducted two additional

treatments, I carried out all statistical analyses, and I wrote the draft.



2 Whatis your level of overconfidence?

A strictly incentive compatible measurement method®

2.1 Introduction

Overconfidence is a frequently observed, real-life phenomenon. Individuals exaggerate the
precision of their knowledge, their chances for success, or the precision of specific types of
information. Empirically, it has been shown that overconfidence in own performance can affect
an entrepreneur's or manager's decision to enter a market (Camerer and Lovallo 1999, Wu and
Knott 2006) or to invest in projects (Malmendier and Tate 2005), a stock trader’s decision to buy
specific stocks (Daniel et al. 1998, Stotz and von Nitzsch 2005, Cheng 2007), or an acquirer’s
decision to take over a target firm (Malmendier and Tate 2008). Lawyers' and applicants'
probabilities of success are likely to depend on confidence (Compte and Postlewaite 2004), and
physicians have been shown to be overconfident in their choices of medical treatment (Baumann
et al. 1991). Especially the last example illustrates that the consequences of overconfidence do
not only affect the decision maker, but can also have significant ramifications for third parties

(e.g., patients, clients, investors, employees), as well as the economy and our society as a whole.

One stream in overconfidence research attempts to identify mechanisms that lead to
overconfidence (e.g. Soll 1996, Juslin and Olsson 1997, Hilton et al. 2011). A second research
stream studies how overconfidence affects evaluations of risky decision options and subsequent
decisions (e.g. Simon et al. 2000, Keh et al. 2002, Cheng 2007, Coelho and de Meza 2012). A
further stream of research, in which our study is embedded, is concerned with the definition and

correct measurement of overconfidence.

In an early study, Fischhoff et al. (1977) consider incentives within overconfidence
measurements as a potential source of measurement errors. Hoelzl and Rustichini (2005) test
the effect of monetary incentives and indeed find significant differences between treatments in

which participants are incentivized and those in which they are not. Despite recent advances, we

6 This study is joint work with Diemo Urbig and Utz Weitzel (Stauf et al. 2011).
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argue that currently available mechanisms to experimentally elicit individuals’ overconfidence
(e.g. Moore and Healy 2008, Blavatskyy 2009) still allow for improvements in the area of

incentive compatibility and in measuring subjects’ magnitude of overconfidence more precisely.

To address these issues, we present a method of overconfidence elicitation that is strictly
incentive compatible within the framework of rank-dependent utility theories, is robust to risk
attitudes, and identifies different levels of overconfidence. This method does not only improve
existing procedures, but also enables a direct within-subject comparison of absolute
overconfidence (with respect to one’s performance) and relative overconfidence (with respect

to being better than others), as both types are measured with the same methodology.

In experimentally testing this method, we provide first evidence for the importance of
measuring different levels of overconfidence: We find that participants are simultaneously over-
and underconfident at the population level, depending on the thresholds of relative
performance. Although 95 % of participants believe to be better than at least 25 % of the
population (implying overconfidence for low thresholds), only 7 % believe to be among the best
25 % (implying underconfidence for high thresholds). We argue that the application of relative
thresholds that are different from the population median can provide valuable new insights. For
instance, a general underconfidence to be among the best could lead to pessimism in highly
competitive environments such as patent races, where investment in research and development
depends on the firm’s confidence in its relative performance, or takeover auctions, where the
highest bid depends on the acquirer’s confidence in realizing enough synergies to refinance the

deal.

The chapter is organized as follows. The next section discusses existing methods of incentivized
overconfidence elicitation and possible further improvements. In section 2.3, we present an
experimental design for measuring absolute and relative overconfidence, and formally show its
strict incentive compatibility. In section 2.4, we report the experimental results, compare them

with the findings of previously used methods and present the characteristics of the new method.



Section 2.5 concludes with a discussion of limitations, future research, and possible implications

of measuring levels of overconfidence.
2.2 Overconfidence measurements and potential improvements

Considering the diverse contexts in which overconfidence has been investigated, it is not
surprising that various definitions of overconfidence have been used (see e.g. Griffin and Varey
1996, Larrick et al. 2007, Moore and Healy 2008, Fellner and Kriigel 2011). We adopt the
definition by Griffin and Varey (1996), who specify optimistic overconfidence as overestimating
the likelihood that an individual’s favored outcome will occur. For reasons of legibility, we refer
to optimistic overconfidence simply as overconfidence. We particularly focus on the
overestimation of own performance in a knowledge-based task, which can relate to achieving an
objective standard of performance (absolute overconfidence) or to be better than others

(relative overconfidence).
2.2.1 Incentive compatibility

Already in 1977, Fischhoff et al. raise doubts on whether participants in overconfidence studies
are sufficiently motivated to reveal their true beliefs and therefore introduce monetary stakes.
Hoelzl and Rustichini (2005) report significant differences depending on whether participants
received additional incentives for predicting their performance correctly. While most
overconfidence measurements implicitly assume that participants maximize their performance,
optimizing the predictability by deliberately giving false answers could also be an option,
especially when participants are paid for their precision in prediction. To incentivize
participants to maximize their performance, Budescu et al. (1997) and Moore and Healy (2008)
provide additional monetary payoffs for correctly solved quiz questions. This, however, implies

a tradeoff between maximizing performance and maximizing predictability.

In Budescu et al. (1997) and Moore and Healy (2008), the payoff is calculated by means of the

quadratic scoring rule (Selten 1998), the most widely used instantiation of so called proper



scoring rules (Savage 1971).7 However, the proper scoring rules also have some disadvantages.
First, they are rather complex to explain, especially if subjects do not have a sound mathematical
background. Second, proper scoring rules are not robust to variations in risk attitudes (Offerman
et al. 2009). Participants with different risk attitudes will provide different responses even if
they hold the same belief. Recent research on individuals’ beliefs to be better than others has
suggested alternative methods to elicit (relative) overconfidence, some of which can also be
applied to elicit confidence in (absolute) performance. Moore and Kim (2003) provide
participants with a fixed amount of money and allow them to wager any fraction of their
endowment on their performance. While this method has the advantage of avoiding tradeoffs
between maximizing performance and predictability and could be perceived as simpler than
proper scoring rules, it is not robust to risk attitudes either. The more risk averse a participant
is, the less she wagers, which confounds the measurement of the participant’s belief with his or

her risk attitude.

While Moore and Kim’s (2003) investment approach is principally a trade-off between a safe
income and a risky income, Hoelzl and Rustichini (2005) and Blavatskyy (2009) suggest eliciting
overconfidence by implementing a trade-off between the performance risks and a lottery with
predetermined odds. Hoelzl and Rustichini utilize this idea for measuring relative
overconfidence by letting participants choose between playing a fifty-fifty lottery and being paid
if they are better than 50 % of all participants. Blavatskyy measures absolute overconfidence in
answering trivia questions and lets participants choose between being paid according to their
(unknown) performance and playing a lottery. The first option results in a fixed payoff M if a
randomly drawn question has been answered correctly; the second option yields the same
payoff M with a probability that equals the fraction of questions that have been answered
correctly, rendering the expected value of both options equivalent. The third option is to
explicitely state indifference between the first and second option, leading to a random choice

between both. Participants choosing the lottery are considered underconfident; those that

7 Participants receive a fixed amount of money if they perfectly predict the outcome, while the payoff is
reduced by the square of the deviation if the prediction is not correct. This provides a strong incentive to
come as close as possible to the true value, independent of how certain one is.
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choose to be paid according to their performance are considered overconfident. If they indicate
indifference between both alternatives, they are considered well-calibrated. This method has
empirically been found to be robust to risk attitudes (Blavatskyy 2009) and, as the method by
Hoelzl and Rustichini, has the elegant feature of incentivized performance maximization and

elicitation of true beliefs at the same time.

The methods of Hoelzl and Rustichini (2005) and Blavatskyy (2009) as well as the revelation
mechanism by Karni (2009) used by Coelho and de Meza (2009) can be considered as instances
of what Offerman et al. (2009) call measuring canonical probabilities, and what Abdellaoui et al.
(2005) label the elicitation of choice-based probabilities. These procedures aim at eliciting an
individual’s belief about the probability of a binary random process with payoffs H and L by
determining a probability for a binary lottery with the same payoffs H and L such that
individuals are indifferent between the random process and the lottery. These methods have
theoretically been shown to be robust to risk attitudes in the framework of Expected Utility
Theory (Wakker 2004), supporting Blavatskyy’s empirical finding. We therefore consider these

methods as an excellent basis for further improvements.

Incentive compatibility in Blavatskyy’s design is based on the assumption of epsilon truthfulness,
which states that participants tell the truth when there is no incentive to lie (Rasmusen 1989,
Cummings et al. 1997). If subjects are well-calibrated and thus indifferent between choosing to
be paid according to their performance and being paid according to a lottery, then Blavatskyy’s
design expects participants to truly and explicitly indicate that indifference. Without the
assumption of epsilon truthfulness, any distribution of overconfident, underconfident, and well-
calibrated measurements could be explained by a population of well-calibrated participants who
choose randomly in case of indifference, leading to a potential understatement of the fraction of
well-calibrated subjects. To circumvent this problem, we propose an experimental design that is

strictly incentive-compatible without the assumption of epsilon truthfulness.



2.2.2 Precision and comparability of confidence measurements

The methods suggested by Hoelzl and Rustichini (2005) and Blavatskyy (2009) only reveal
whether or not a belief exceeds a certain threshold. Hoelzl and Rustichini (2005) can show that a
participant believes to be worse or better than 50 % of all participants, but not whether she
believes to be better than any other percentage. In Blavatskyy (2009), subjects are classified as
overconfident, underconfident, or well-calibrated, but it is not possible to state whether one is
more or less overconfident than another within the categories. Hoelzl and Rustichini consider a
population as overconfident if more than 50 % believe to be better than 50 %. We argue that this
classification does not necessarily generalize to other levels of performance. In the following, we
discuss an experimental design that allows us to plot a total of ten levels of a population’s

relative confidence in a range from 5 to 95 % to investigate this proposition.

In addition to measuring overconfidence and underconfidence at more levels, the method also
allows a direct comparison between absolute and relative overconfidence by measuring both
with the same method. This enables new empirical tests in an ongoing theoretical debate. Moore
and Healy (2008) propose a theory based on Bayesian updating that explains why individuals
who are overconfident also believe that they perform below average, and those who are
underconfident believe that they perform above average. Larrick et al. (2007) argue that relative
and absolute confidence, both being part of corresponding overconfidence measures, essentially
represent subjective ability as a common underlying factor. Our experimental test thus

represents a first step toward such a comparison of absolute and relative confidence.
2.3 Characteristics of the proposed method

In an attempt to improve the measurement of overconfidence along the lines discussed above
and building on the methods by Hoelzl and Rustichini (2005) and Blavatskyy (2009), we
propose a method that elicits canonical probabilities based on binary choices. Subjects choose
repeatedly between being paid according to own performance (success or failure) and

participating in a lottery with a given winning probability.
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By selecting an appropriate set of choices, that is, levels of winning probabilities for the lotteries,
our measurement method classifies participants as well-calibrated if their confidence level is
closer to the actually realized performance than to any other possible performance level.
Thereby, we remove the need for well-calibrated participants to explicitly indicate their
indifference. Furthermore, it provides a more robust strategy for identifying well-calibrated

people in conditions where the realized performance is subject to randomness.

Assume that a participant is well-calibrated, which means that her confidence is equal to the
expected performance. As long as the tasks involve a stochastic component, i.e. include imperfect
knowledge, the realized performance is a random variable represented by a distribution with a
mean mirroring the expected performance of a person. The values that the realized performance
can take are determined by the number of tasks solved. If performance is drawn from a
continuous distribution, then the probability that a participant's true expected performance
matches the realized performance approaches zero. Thus, a well-calibrated participant will not

be classified as such.

Furthermore, we suggest to measure performance and confidence with the same level of
precision. Coelho and de Meza (2012) measure forecasting errors in subjectively expected
probability to complete a skill-based task. While ten levels of confidence are elicited, the
performance measure can only take the values 0 or 1, since there is only one task to be solved.
Subjects are considered optimistic if confidence exceeds realized performance. We argue,
however, that if expected performance is smaller than or equal to 0.5, the closest possible
realization is 0; therefore, a subject who does not succeed in the task is well-calibrated for any
confidence in own performance smaller than or equal to 0.5. A more accurate classification can
be achieved by increasing the number of tasks and, thereby, the number of potential realizations

of performance.

To elicit degrees of overconfidence, we ask participants for multiple binary choices, one of which
is randomly selected to determine the payoff (random lottery design). This method can be

applied to various definitions of performance. We exemplify this by eliciting performance beliefs
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with respect to two different types of performance, absolute and relative. Both are based on
participants’ answers to ten quiz questions with an equivalent level of difficulty. For absolute
performance, a participant succeeds if she answered one particular quiz question correctly and
fails otherwise. This question is determined randomly. For relative performance, a participant
succeeds if she answered more questions correctly than another randomly assigned participant
who answered the same questions and fails if she answered fewer questions.8 If both answered
the same number of questions correctly, one is randomly considered to have succeeded and the

other to have failed.
2.3.1 Experimental design

The experiment consists of four stages. The instructions can be found in Appendix A. Before
starting the experiment, subjects had to pass a test for understanding the instructions. Figure 1

illustrates the course of the experiment.

Stage 1: Solving quiz questions: As usual in overconfidence experiments, participants solve ten
quiz questions without feedback. For this experiment, we used multiple choice questions with
four possible answers. To ensure a homogeneous level of difficulty, we started with a larger set
of questions used by Eberlein et al. (2006) and selected those questions that were correctly
answered by 40 to 50 % of the participants. This resulted in 28 questions, of which we then

randomly selected ten questions for sessions of our experiment (question list in Appendix C).

Stage 2: Select card stack and relevant quiz question: The experimenter presents 10 stacks of 20
cards each, containing 1, 3, 5, .., 17, 19 cards with a green cross (wins) and a complementary
number of white cards (blanks).? Participants do not see the number of cards with green crosses

(henceforth, ‘green cards’) and do not (yet) know the distribution of green cards. One participant

8 We do not directly translate the absolute performance measurement into the relative measurement,
because this requires participants to elicit their belief about the probability that they have a higher
probability to be correct compared to other participants, which is rather complicated to communicate. We
therefore ask them to compare the number of correct questions. As the number of correct questions is the
best estimate of the probability to be correct, the direct and the indirect measure we use for the absolute
and relative performance are, in fact, equivalent.

9 Note that for the method to be incentive-compatible, it is necessary to ensure that the lowest winning
probability of the random mechanism (here: 5 %) is strictly lower than the minimum success probability
in the task (here: 25 %). See p. 20 for a detailed explanation.
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randomly chooses one stack; all other stacks are removed. The same procedure is repeated for a
second set of stacks. Finally, one participant draws one card out of a third stack of 10 (numbered

from 1 to 10) that determines the question that counts for the absolute performances of all

participants.
Figure 1: Course of the experiment
Stage 1 Solving quiz questions: Subjects solve 10 quiz questions
without feedback.
Stage 2 Select card stack and relevant quiz question: Payoff-relevant

lotteries are determined (but not revealed yet).

Stage 3a Strategy-based choice: Subjects choose between payoff

mechanisms cards/own result.

Stage 3b Strategy-based choice: Subjects choose between payoff

mechanisms cards/relative result.

Stage 4 Disclosure of cards: Payoff-relevant lotteries are revealed and

conducted.

Stage 3: Strategy-based choice: In a first step, participants choose between being paid according
to their absolute performance and drawing a card from stack one. In a second step, they choose
between being paid according to their relative performance and a card from stack two.
Participants thus choose twice between two payoff schemes, one of which is always a random
mechanism. At that time, they do not know the number of green cards in the stack that was
previously selected in Stage 2. However, we allow participants to condition their choice, as
shown on the screenshot in the appendix and in the following example of their response: “If
there are 5 green and 15 white cards in the stack and I have the choice between ‘cards’ and ‘quiz -
own results,” I choose ..,” followed by a choice between ‘cards’ and ‘quiz - own results.’’¢ This

mechanism mirrors the strategy method introduced by Selten (1967). To control for potential

10 Rationally, for an increasing number of green cards participants should never choose “performance”
once they have chosen “cards” for less green cards. For a single person, a sequence ended with
“performance,” “cards,” “performance.” This “cards” choice was considered as “performance.”
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order effects, one half of the participants complete the two steps in reverse order, i.e., relative

performance first and absolute performance second.

Stage 4: Disclosure of cards and application of participants’ strategies: In a last step, the number
of green cards in the two stacks and the number of the relevant question are disclosed.
Participants who chose to draw a card from any of the two stacks can individually draw a card.

Payoffs are calculated and individually paid to participants.

2.3.2 Measurements

Our experimental design provides us with the following individual measurements:

Absolute performance p equals the fraction of correctly answered questions.

Relative performance rp is defined as 1 if one participant was better than the other randomly

assigned participant, 0 if she was worse, and 0.5 if she solved as many question as the other.

Confidence c in own absolute performance is the mean of both the highest probability for cards
for which a participant would choose the absolute performance-based payoff rule and the lowest
probability for cards for which a participant would choose the draw of a card from the stack of

cards.

Relative confidence rc in relative performance is the mean of both the highest probability for
which a participant would choose the relative performance-based payoff rule and the lowest

probability for which a participant would choose the draw of a card from the stack of cards.

Absolute overconfidence oc is the difference between absolute confidence and absolute
performance, oc = ¢ - p. We consider participants as well-calibrated when overconfidence oc
equals zero. Note that c is an approximation of a participant’s confidence, and the exact value of
participants confidence lies in the closed interval between c=-0.05 and c=+0.05. As shown below,
participants are well-calibrated when their confidence is closer to their performance than to any

other possible performance.

Relative overconfidence roc is computed analogously to oc: roc = rc - p.
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2.3.3 Formal proof of strict incentive compatibility

Applied to belief elicitation methods, incentive compatibility describes the fact that a participant
is confronted with incentives that make her reveal her true belief. Strict incentive compatibility
implies that revealing the truth is always strictly preferred such that any deviation results in
lowering the overall value associated with an individual’s decisions. In contrast, weak incentive
compatibility implies that she cannot improve her situation by not revealing the truth
(Rasmusen 1989). Thus, asking individuals for their beliefs without providing any incentives

against lying is weakly, but not strictly incentive compatible.

Before we report the results of the experimental test, we formally show that the proposed
method is strictly incentive compatible and that it has the following properties. First,
participants prefer a higher performance over a lower one, that is, they maximize their
performance. Second, participants choose the lottery if the winning probability of the lottery is
at least as high as their believed performance. Third, a participant is considered well-calibrated
if her performance expectation is closer to the actually realized performance than to any other
possible performance. This third property improves the robustness of classification of people as
well-calibrated. Fourth, elicited probability judgments and resulting -classification as

overconfident, underconfident, or well-calibrated are theoretically robust to risk attitudes.

In order to formally show the incentive compatibility, it is necessary to make assumptions about
the participants’ behavior in the form of a descriptive decision theory. For the sake of generality,
we apply the cumulative prospect theory (CPT) by Tversky and Kahneman (1992), although the
following proof also holds for standard expected utility theory.!! Since CPT does not explicitly
consider compound lotteries, i.e., lotteries over lotteries (used in our experiment), we need to
include the reduction axiom as an additional assumption, which states that participants can

reduce compound lotteries to their simple representation.12

11 See p. 21 for a detailed explanation.
12 This axiom has been challenged with respect to its empirical justification, particularly in connection
with the use of random lottery mechanisms. However, empirical studies conclude that “experimenters can
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The proof will be applied to the specific design we use in our experiment, including the double
elicitation of (absolute) confidence and relative confidence. With marginal adjustments, the

proof also holds if the two types of confidence are considered individually.

Participants are confronted with N choices for each of the two elicited confidences; N determines
the precision. In our specific case, N equals 10. Without loss of generality, let c,; € {0,1} with
1<i<N be the participant’s choice between being paid according to own performance and the
lottery i with winning probability p.; . In our case, the lottery i is characterized by 2i-1 winning
cards among the total of 2N cards (in our case, it is 20 cards); thus, p.=(i-0.5)/N. If the task is
chosen (and not the lottery), c,; equals 1, otherwise 0. Let c;; € {0,1} be the same for the choices
between relative performance and a lottery. Vectors ¢, = ( ¢4, Ca2--, Can) and ¢, = ( Cr1, Crz,..., Cr)
represent vectors of these decisions. Furthermore, let g be the performance expectation by the
participant. Let us assume that the ex-ante performance of the participant varies between gmin
and Gmax, 1.€ gmin < q < @max (depending on the participant’s choice and ability to influence the own
performance). Let us further assume that the expectation of the relative performance rq is a
strictly monotonic function of the performance expectation, that is, the first derivative of rq’(q)
is strictly larger than 0. Let H be the amount of money that can be won in the lottery or earned
when the task (absolute or relative) has been performed successfully. If the lottery is lost or the
task has not been performed successfully, then participants earn nothing. As participants are
assumed to follow cumulative prospect theory, the preference value V for a given set of decisions
(ca cr, q) is given by (1), with p being the belief about the occurrence of payoff H. The function
v(x) represents the CPT value function applied to payoffs with v(0) = 0. For simplicity, we also
assume that v(x) > 0 for x > 0. The function #(p) represents the CPT probability weighting
function with #{p)€[0,1]. Both functions are assumed to be monotonically increasing in the

payoff x and the probability p, respectively.

V(ca cr g, H) = v(H)m(p(ca crr @) (1)

continue to use the random-lottery incentive mechanism” (Hey and Lee 2005, p. 263). Their results are
supported by several other studies, for instance Starmer and Sugden (1991) and Lee (2008).
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Applying the reduction axiom, a participant is assumed to form a belief about the occurrence of
H depending on her decisions, and she is able to reduce compound lotteries to their simple
representation. This is necessary as our method implements a random choice between
alternatives that are themselves uncertain. Since each of the 2N (in our case 20) choices between
the absolute respectively relative performance and a lottery can become relevant with equal
probability, the probability for H is the average of the probabilities of all single decisions (cg: to
cenv and cr; to crn). As shown in Equation (2), for a single decision (between absolute
performance and lottery with winning probability p.;) the probability is determined by c.; q + (1-
Cqi) pui, which is q if the performance is chosen and p;; if the lottery is chosen. For the choice
between relative performance and a lottery, the probability of a payoff H is determined

correspondingly.

Z?J:l(ca,iq + (1 - Ca,i)pLi) +X cra(q) + (1 - Cr,i)PLi) (2)
2N

V(ce, ¢rrq, H) = v(H) <

Note that V(c4cr,q,H) is always larger than or equal to zero. Equation 2 can be simplified to

V(Cll 2,4, H) = ‘U(H)T[(p)

. 1
with  p =% c1:(q — pi) + c2i(rq(@) — puo) + 2pL0)

with the following derivatives with respect to the decision variables:

N

1
= v(H)n'(p) oN 2, Gt +c2imq'(9))

i=1

dV(ci,c3,q,H)
dq

aV(Cl, cyq, H)

1
e = DT )5 (a = )

aV(Cl,Cz, q, H)

1
9,1 = v’ (p) 5 €2i(rq(q) — pui)

The terms v(H) and 7/(p) are by definition strictly positive. Given that rq’(q) is strictly larger and
ciiand cy; are never less than 0, we can conclude that the preference value is strictly increasing in

q as long as at least one decision is made in favor of being paid according to own absolute or

17



relative performance, i.e., at least one c,; or c.; equals 1. In our mechanism, this is the case if the
belief about own performance or the belief about relative performance is greater than 5 %.
Below this threshold, being paid according to own absolute or relative performance is never
chosen, and thus there is no strict incentive to maximize this performance, i.e, the first
derivative is zero. However, the minimal expected probability of success with respect to
absolute performance in our experiment is 25 % (random choice out of four answers per
question) such that the belief about own performance always lies above 5 %. Hence, a

participant always maximizes her performance expectation.!3

Furthermore, the preference value is strictly increasing in the decisions cy; for x being a or r, if q
respectively rq(q) are greater than the winning probability of the alternative lottery. Thus,
participants will always choose the task if their belief to have succeeded is greater than the
probability to win the lottery. Participants therefore always reveal their true beliefs through
their choice behavior. If they do not choose the lottery for lottery i but for i+1, then the best

estimation of the participant’s belief is (p.i + p.i+1)/2, which in our case is i/N.

Note that participants with a confidence between i/N-0.05 and i/N+0.05 are all classified to have
a confidence level of i/N. Such participants are considered well-calibrated if they have solved i
out of N tasks correctly. Therefore, even if their confidence level differs only slightly from the
elicited performance, they will still be classified as well-calibrated. This holds as long as the
difference between confidence and actual performance does not exceed 1/ZN, which is
equivalent to the condition that confidence is closer to a different level of performance that

could be elicited.

All results above are based on CPT and the reduction axiom. As such, they are independent of an
individual’s risk attitude as long as it satisfies the axioms of CPT. Our results are thus
theoretically robust to variations in risk attitudes, modeled via value and probability weighting

functions with characteristics following CPT.

13 Note that when excluding the elicitation of confidence in absolute performance such a lower threshold
for performance expectations is not present.
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The proof also holds for expected utility theory (EUT). We assume that the CPT probability
weighting function 7{p) is monotonically increasing in p, which includes 7(p) = p, i.e. the absence
of probability weighting. Along the same lines, any strictly increasing utility function u(x) can be

linearly transformed to satisfy the assumptions imposed on the value function v(x).
2.4 Results

We conducted the experiment in two sessions with 31 female and 29 male students from
University of Jena, Germany. We recruited students from all disciplines, ranging from the Natural
to the Social Sciences, with the exception of Psychology. On average, the experimental session

lasted 60 minutes, and participants earned 11.10 Euro.

Table 1: Descriptive statistics (mean, standard deviation, mode) and selected correlations

Descriptive statistics Correlations

u ¢ median p c rc

Performance p 0.497 0.181 0.5 - 0472 0475
Relative performance rp 0.500 0.441 05 0551 0491 0.388
Confidence ¢ 0.492 0.172 0.5 0472 - 0.728
Relative confidence rc 0.498 0.173 0.5 0475 0.728 -
Overconfidence oc -0.005 0.182 0.00 -0.551 0476 0.215
Relative overconfidence rocl4 -0.002 0.407 0.05 -0.395 -0.223 0.005

Sample size n=60

Table 1 provides some summary statistics for our experiment. The average absolute
performance p is 0.497 with a median of 0.5. On average, participants have a confidence in their
performance of 0.493 with median 0.5 and a confidence in their relative performance of 0.498
with a median 0.5.15 In this experiment, the participants are thus, on average, well-calibrated in
absolute and in relative terms. On an individual basis, we find that 23 % of the subjects are well-
calibrated, while 40 % are underconfident and 37 % are overconfident. The fraction of well-
calibrated subjects is significantly higher in our setting than in Blavatskyy’s (2009) study, a fact

that we ascribe to our avoidance of epsilon-truthfulness as well as applying a more robust

" There are 30 cases with roc less than or equal to 0.00 and 30 cases greater than or equal to 0.10; thus,
0.05 is by definition the median, despite the fact that this value could not be chosen.

15 One participant violated the basic principle that the probability to win in a multiple choice task with
four alternatives is at least 25% if an individual tries to maximize her performance. The behavior of this
person who switched between 5% and 15% is not captured by the theories applied here. Since results do
not change qualitatively, we kept this data point in the data set.
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strategy for identifying well-calibrated participants as discussed above.l6 We did not find any
order effects; the order of elicitation of absolute and relative confidence did not cause significant

differences.

Table 1 also reports the correlation of variables with performance p, and with confidence
regarding absolute and relative performance. We find that (absolute) performance and relative
performance are positively correlated, as intuitively expected, because participants with a
higher performance have a greater chance to be better than others. Participants are partially
aware of their performance as their (absolute) confidence and relative confidence in their
performance increases with their performance (Pearson correlations are significant at the 5 %
level). However, (absolute) overconfidence and relative overconfidence in performance both
decrease with the level of their performance.l” This result is consistent with prior findings in
overconfidence studies. Moore and Healy (2008) argue that, with higher performance,
participants tend to become less overconfident and even underconfident, but at the same time
believe to be better than others. While the theory by Moore and Healy tentatively suggests a
negative correlation between relative confidence rc and overconfidence oc, we find a positive

relation in our data.

2.4.1 Simultaneous over- and underconfidence at the population level

Above we argued for a more precise measurement of several levels of over- and
underconfidence, instead of focusing on a binary belief to be better or worse than the average of
a population, because an optimistic better-than-average belief may not generalize to an

optimistic better-than-top 5 % belief.

Figure 2 addresses this question by plotting the relative frequency of participants who believe to

be better than 5, 15, 25, .., and 95 %. Consistent with our conclusion from considering the

16 Based on a Chi-square test, we find that the two binary distributions of well-calibrated versus not well-
calibrated participants are significantly different at the five percent level.

17 To better understand the relation between correlations involving overconfidence oc=c-p and relative
overconfidence roc=rc-rp, on one side, and statistics about the constituent terms, c, rc, p, and rp, on the
other, we refer the reader to Appendix A in Larrick et al. (2007), which provides a formal analysis of
correlations with one variable being used to calculate the second variable in that correlation.
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population average of relative confidence, approximately 50 % believe to be better than 50 % of

all participants.

Figure 2: Population’s better-than-others beliefs
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Thus, regarding this benchmark the group of our participants is neither over- nor
underconfident. However, considering other benchmarks, the conclusion differs. About 95 % of
all participants believe not to be among the worst 25 %, implying overconfidence; but only about
7 % believe to be among the best 25 %, implying underconfidence. Our group of participants is

therefore underconfident for high and overconfident for low thresholds.

2.4.2 Confidence in absolute versus relative performance

In our experiment, we used the same methodology to elicit confidence in own absolute
performance (confidence) and confidence in own relative performance (relative confidence) at
the same time. This enables a direct comparison of the two types of confidence. A correlation of
0.728 (see Table 1) already indicates that both are closely related. Figure 3 visualizes the
relation between both variables. Besides plotting the data points, it provides conditional means
and a fitted linear approximation of the relation between both variables. As both are subject to

measurement errors, conditional means as well as simple regression analysis yield biased
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results; especially the slope of the fitted linear function might be attenuated.!8 However, running
a direct regression (Variable 1 on Variable 2) and a reverse regression (Variable 2 on Variable
1), as illustrated in Figure 3, provides bounds on the true parameter (Wansbeek and Meijer
2000). Despite one outlier with little relative confidence but more or less average (absolute)
confidence, Figure 3 shows an interesting relation between confidence and relative confidence.
In fact, we cannot reject the hypothesis that both are identical for our data. Although this
identity might not be observed in experiments where the average performance is not 50 %, we

would nevertheless expect a close relation of both constructs, albeit at a different level.

Figure 3: Comparison of confidence regarding absolute and relative performance
(including conditional means and linear regressions)?°
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18 For an in-depth discussion of the consequences of measurement errors for overconfidence research, see
Erev et al. (1994), Soll (1996), Pfeifer (1994), Brenner et al. (1996), and Juslin et al. (2000).

19 To improve the visibility of data points, we added some small white noise to single data points (but not
to the data used for conditional means and regressions).
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2.5 Conclusions

This study has been motivated by the ongoing discussion about the appropriate measurement of
overconfidence and, in particular, how to elicit overconfidence in strictly incentive compatible
experiments. We propose and test an experimental design that adapts the advantages of the
existing mechanisms, but adds several desirable features. We show that it is strictly incentive
compatible within the framework of CPT (including EUT), identifies those participants as well-
calibrated whose confidence is closer to their actual performance than to any other possible
performance, is suited to measure overconfidence at more than a maximum of three levels
(overconfidence, underconfidence, and well-calibrated confidence), and can be used to measure

and compare both absolute and relative confidence.

It should be noted that the precision of performance elicitation is driven by the parameter N
describing the number of binary choices used to elicit confidence beliefs. Increasing N also
increases the precision of both confidence and performance measurements, which subsequently
decreases the probability to identify a well-calibrated participant as such. We therefore
recommend analyzing overconfidence with a range of degrees of confidence instead of
dichotomous or trichotomous classifications based on single thresholds. This dependency on

precision also needs to be considered when comparing results of different studies.

A general limitation concerns the common assumption that risk attitudes are independent of the
source of risk. Empirical work seems to suggest that risk attitudes differ for both sources of risk,
own performance, and lotteries (Heath and Tversky 1991, Kilka and Weber 2001, Abdellaoui et
al. 2011). This issue clearly calls for more research into belief elicitation under conditions of

source-dependent risk attitudes.

Besides the methodological advance, this paper also provides applied results. Research on
relative overconfidence generally focuses on the belief to be better than the average of a
population. We argue that for many social and economic situations the belief to be better than
average is of less relevance than the belief to be the best or among the best. Since our

mechanism elicits degrees of overconfidence, we can test whether, for instance, more than 10 %
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of participants believe to be better than 90 %. In fact, our analysis (visualized in Figure 2) shows
that, simultaneously, too few participants believe to be among the best while too many believe
not to be among the worst. This may have significant economic implications, which would be

worthwhile to investigate in more depth.
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2.6 Appendix

A: Instructions for participants

There were two versions of the instructions. Both versions differ with respect to the order of
treatments. In the version reported below, the first set of decisions is related to own performance
while the second set of decisions is related to own relative performance. In the second, unreported

version, the order is reversed.

Welcome to our experiment!
General information

You will be participating in an experiment in the economics of decision making in which you can
earn money. The amount of money you will receive depends on your general knowledge and on
your decisions during the experiment. Irrespective of the result of the experiment, you will
receive a show-up fee of €2.50. Please do not communicate with other participants from now on.
If you have any questions, please refer to the experimenters. All decisions are made

anonymously.
You will now receive detailed instructions regarding the course of the experiment.

It is crucial for the success of our study that you fully understand the instructions. After having
read them, you will therefore have to answer a number of test questions to control whether you
understood them correctly. The experiment will not start until all participants have answered

the test questions.

Please read the instructions carefully and do not hesitate to contact the experimenters if you

have any questions.
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Course of the experiment

After all participants have read the instructions and answered the test questions, we will begin

with the first part of the experiment.

In this part, you will see a sequence of 10 questions, for each of which you will have to choose 1
out of 4 possible answers. One other player in this room will be randomly assigned to you and

will have to solve exactly the same series of questions.

In (the following) parts 2 and 3, we will offer you the opportunity to choose a payoff mechanism.
A payoff mechanism is a method that describes how your payoff will be determined. In both

parts, 2 and 3, you will have to choose between two Options: cards or quiz.

1. Cards

For this mechanism, 20 playing cards will be shuffled. A certain number of these cards bear a
green cross. You will draw one card from the stack. If it bears a green cross, you receive €7. If it
does not bear a green cross, you receive €0. By the time you have to decide for or against this

payoff mechanism, you will know exactly how many of the cards in the stack bear a green cross.

2. Quiz

If you choose this mechanism, your payoff depends on your answers to the quiz questions. The
more questions you have answered correctly, the higher is your chance of receiving a payoff of

€7. There are two variants of the payoff mechanism “quiz”: own result and relative result.

Own result: One out of the 10 quiz questions will be drawn randomly. If you answered this
question correctly, you receive a payoff of €7. Otherwise, you receive €0. With this payoff

mechanism, your payoff will only depend on your own performance.

Relative result: If you answered more questions correctly than the player that has been assigned
to you in the beginning and had to answer exactly the same questions, you receive €7. If you
answered fewer questions correctly, you receive €0. In case of a draw, it will be randomly

decided who receives the €7.
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In the second part of the experiment, you will be able to choose between the payoff mechanisms

(1)

(2a)

cards or

quiz - own result.

In the third part of the experiment, you will be able to choose between the payoff mechanisms

(1)

(2b)

cards or

quiz - relative result.

In both parts, one of your options will be to draw a card from a stack which might bear a green

cross, which is a pure random mechanism. The other option will always be a payoff mechanism,

which determines your payoff based on your result from answering the quiz questions. This

means that, in any case, you should try to correctly answer as many questions as possible. It may

happen that the number of cards with a green cross is always so small that you may prefer to be

paid according to your answers. In this case, your chances are better the more questions you

answered correctly.

The diagram below shows the course of the experiment schematically:

Part 1 Answer quiz questions
Part 2 Choose a (1) Cards One out of 20 cards is drawn
payoff : or Green cross: €7
mechanism
No green cross: €0
(2a) Quiz - One quiz question is randomly drawn
own result Correct answer: €7
Wrong answer: €0
Part 3 Choose a (1) Cards One out of 20 cards is drawn
payoff . or Green cross: €7
mechanism
No green cross: €0
(2b) Quiz - Another player has been randomly assigned to you.

relative result

You answered more questions correctly than him/her:
€7

You answered fewer questions correctly than him/
her: €0
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If you have understood the course of the experiment, you may now start to answer the test
questions you see on your computer screen. You may always, before and during the experiment,
refer to these instructions. The sole aim of the test questions is to control whether you
understood the instructions. They are not the quiz questions you will see in part 1 of the
experiment! The experiment will start when all participants have answered the test questions

correctly.
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C: Quiz questions (translation from German)

1. Which is the first drama written by Friedrich v. Schiller (1759-1805)?

a) Intrigue and Love

b) The Robbers

¢) William Tell

d) Fiesco’s Conspiracy at Genoa

2. How many chromosomes does a human cell have?

a) 32
b) 58
c) 46
d) 38

3. A circle with a radius of 2 cm has an approximate circumference of

a) 3943 cm
b) 25.13cm
c¢) 12.57cm
d) 6.28cm

4. During which period did the GDR exist?

a) 1945-1989
b) 1950-1990
c) 1948-1989
d) 1949-1990

5. What is the capital of Brazil?

a) Brasilia

b) Montevideo
c) Buenos Aires
d) Rio de Janeiro

6. Which discipline is not part of the heptathlon?

a) Shotput
b) Javelin

c) Discus

d) High jump

7. How large is the third interior angle of a triangle, if the other two angles are 55 degrees and
110 degrees?

a) 195 degrees
b) 175 degrees
c) 25 degrees
d) 15 degrees

8. Which of these countries has the longest coastline?

a) lItaly

b) France
¢) Norway
d) Spain
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9. Who wrote Antigone?

a) Sophokles
b) Goethe
c) Schiller
d) Euripides

10. What is the approximate circumference of the earth at the equator?

a) ca.40000km
b) ca.24 000 km
¢) ca.36000 km
d) ca.52 000 km

11. Ozone consists of...

a) Three oxygen atoms

b) One carbon atom and two oxygen atoms
c¢) Two oxygen atoms

d) One carbon atom and three oxygen atoms

12. Huguenots are ...

a) French Jesuits

b) French Catholics
c) French Jews

d) French Calvinists

13. How many articles constitute the civil rights of the German constitution?

a) 9
b) 19
c) 29
d) 39

14. Which animal’s natural habitat is not in the Arctic?

a) Polar bear
b) Musk ox
c) Penguin
d) White fox

15. What is the typical First World War military tactic called?

a) Blitzkrieg

b) Guerrilla war
¢) War of attrition
d) Cold War

16. How old is the earth according to current knowledge?

a) ca.55 billion years
b) ca. 5 billion years

c) ca. 750 million years
d) ca. 25 million years

17. The repetition of the same words or parts of sentences at the beginning of a sentence or
verse is known as:

a) Alliteration
b) Parallelism
¢) Anaphora
d) Epigram
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18. How many symphonies did Ludwig van Beethoven compose?

a) 9

b) 15
c) 41
d) 104

19. Which of the following animals is known from modern physics?

a) Teller's dog

b) Schrodinger's cat
¢) Einstein's donkey
d) Planck's rabbit

20. Who wrote the book on which the movie "The Silence of the Lambs” is based?

a) Thomas Harris
b) Stephen King

c) Alfred Hitchcock
d) Michael Crichton

21. How big is the surface of a cube with a side length of 3?

a) 18
b) 27
c) 36
d) 54

22. Which of the following animals is not usually found in Asia?

a) Elephant
b) Jaguar
c) Camel
d) Tiger

23. Where does the International Date Line lie?

a) Itruns through Greenwich

b) It follows the meridian of 180° longitude
c) It follows the meridian of 0° longitude
d) Itruns along the tropic

24. What are the dark spots of the moon called?

a) Mare
b) Myra
c¢) Mero
d) Mure

25. When did the first Tour de France take place?

a) 1903
b) 1898
¢) 1915
d) 1938

26. Which one of these substances is not a metal?

a) Krypton
b) Cobalt

¢) Strontium
d) Rubidium
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27. The length of the diagonal of a rectangle with the side lengths 3 and 4 is

a) 5
b) 7
c) 12
d) 25

28. What is the Shariah?

a) The clothing of an Iman

b) The religious law of the Islam

¢) The headdress of muslimic women

d) Islamic celebration at the end of Ramadan
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3 Risk taking in a social context?2?

3.1 Introduction

In social contexts without uncertainty, many people care about the fairness of payoff allocations
(Cooper and Kagel forthcoming). Much less is known about social contexts with uncertainty.
Some studies found that social preferences have a much less pronounced effect under
uncertainty than under certainty. Giith et al. (2008), for instance, let subjects evaluate prospects
which allocate payoffs to the subject and a passive participant. They vary whether payoffs are
safe or risky, and whether they are immediate or delayed. Their subjects exhibit other-regarding
preferences only if their own payoff is safe and immediate. Giith et al. conclude that subjects’
other-regarding concerns are crowded out if their own payoff is risky or delayed, and speculate
that this is due to a cognitive or emotional overload. Rohde and Rohde (2011) reach a somewhat
similar conclusion. In their experiment, each subject chooses repeatedly between two risky
gambles for herself and a second subject. They find that an opponent'’s risk does not much affect
one's own risk attitudes (see also Brennan et al. (2008) for a similar conclusion); only if one's
own outcome is fixed do people care about others' payoffs. Overall, this evidence seems to
suggest that the kind of fairness preferences at work observed under certainty are not so easily
extended to risk taking behavior.2! In fact, other work such as Bolton et al. (2005), Bohnet et al.
(2008), and Bolton and Ockenfels (2010) suggest that uncertainty may add a new dimension to
fair behavior, namely procedural fairness, which may confound concepts of fairness under

certainty.22 They provide evidence that an unfair payoff allocation may be perceived as fair if

20 This study is joint work with Gary Bolton and Axel Ockenfels (Bolton et al. 2012).

21 See also Bereby-Meyer and Roth (2006). Some found more evidence for simple notions of fairness
under uncertainty. Krawczyk and Le Lec (2010), for instance, show that dictators are less generous when
sharing probabilities rather than sharing money in a modified dictator game, and that they are less
generous in sharing probabilities when winning chances are mutually exclusive rather than independent,
indicating inequality aversion regarding both outcomes and chances.

22 Saito (2012) proposes a theoretical model of procedurally fairness. Recently, Ockenfels et al. (2012)
theoretically show and provide empirical evidence that as one's relative position becomes uncertain,
inequality averse agents start acting as if they do not care about social comparison. However, this
mechanism cannot explain the phenomena described above and studied in this paper, such as the
increased acceptability of a given unfair outcome when the procedure is deemed fair, the kind of
lexicographic preferences found in Giith et al. (2008) and Rohde and Rohde (2011), and the pattern of
conformism that we report below.

34



everybody has the same chance of getting the advantageous payoff. Interestingly, Rohde and
Rohde (2011) made a related observation: for a given own outcome, their subjects prefer risks
to be independent across other members of the population, indicating "that subjects prefer

everybody to undergo the same procedure" (p. 218).

In this study, we focus on another phenomenon of risk taking in a social context which goes
beyond what simple models of social behavior would predict: social context generally makes
risk taking both more conservative and more homogeneous across decision makers. In our
study, we use Holt and Laury’s (2002) seminal approach to measure individual risk taking as the
starting point, and then add social context in two variations. For one, we let decision makers
take risk for themselves and, simultaneously, for a counterpart. Second, we inform the decision
maker about the risk taking pattern of the respective counterpart in a previous Laury and Holt

style experiment.

Section 3.2 presents our main experiments. We describe the experimental design in subsection
3.2.1 and the procedure in 3.2.2, and we report our results in subsection 3.2.3. Section 3.3 deals
with three control experiments and is structured analogously. We discuss our findings in

section 3.4.
3.2 Main experiments

We conducted seven experiments in total (four main and three control experiments), each
consisting of a series of three or four treatments, providing a within-subject measurement of

risk taking, social behavior, and the combination of both.
3.2.1 Experimental design

The four main experiments of our study are depicted in Figure 4. The treatment modules used in

each experiment are described below.

Individual risk treatment (IR). The core element of our design adapts the method used in the
seminal paper on risk preference measurement by Holt and Laury (2002). Subjects are

confronted with a menu of ten binary choices between two lotteries with different variability in
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outcomes. While the potential payoffs stay the same throughout the series of choices, the
probability of receiving the higher payoff increases, rendering the lottery with higher variability
progressively more attractive. The point in which a subject switches to the more risky lottery

gives an indication of this subject’s risk attitude.

Figure 4: Overview of main experiments

Positively correlated outcomes Negatively correlated outcomes
No information about player Experiment 1 Experiment 2
B's risk preferences
IR SR+ NR IR SR- NR
Information about player B's Experiment 3 Experiment 4
risk preferences
IR SR+ || NR IR SR- || NR

We tripled the original numbers from the baseline treatment in Holt and Laury and used EUR
instead of US-$. This led to a “safe” lottery A yielding a payoff of EUR 6.00 ($ 8.15) with
probability p and EUR 4.80 ($ 6.50) with probability (1 - p), and a “risky” lottery B yielding a

payoff of EUR 11.55 ($ 15.75) with probability p and EUR 0.30 ($ 0.40) with probability (1 - p).

Subjects were presented one lottery choice at a time, with p gradually increasing from .1 to 1 in
steps of .1. After the tenth choice, an overview of the decisions made was shown to the subjects,
allowing them to revise their choices if desired. This twofold display ensured that subjects dealt
closely with each question, but were also able to see at one glance if their choices had been
inconsistent, i.e. if they accidentally switched back to option A after having chosen option B
before. We use this individual risk treatment to elicit subjects’ risk preferences as a baseline for

further comparisons.

Social risk treatment (SR). This treatment adds social context to IR. To mitigate the potential
problem of cognitive overload when it comes to risk taking in a social context (as observed by

Giith et al. 2008), we employ a within-subject design and we gradually increase the complexity

36



of the task by presenting the individual choice problems first (IR) and only then adding social

context always in a second step (SR). The only exception to this is our Experiment 5.

Subjects were randomly and anonymously assigned to participant types A and B, and each
participant A was matched to one participant B. Participant A now had to decide on one lottery
for both her and participant B. Participant B made the same decisions to avoid differences in
working efforts or clues about the participant type, but she was informed that her decisions
were only hypothetical and would not be paid out. Role assignment and group composition
remained the same for the whole course of the experiment, which was communicated to the

subjects.

Correlation of payoffs (SR+, SR-). The social risk treatment was played in two variations. In SR+,
payoffs were perfectly positively correlated, so each participant B received exactly the same
payoff as the corresponding participant A. In SR-, payoffs in the risky lottery B were perfectly
negatively correlated; when participant A received the high payoff, participant B received the
low payoff and vice versa. Bolton and Ockenfels (2010) - and similarly Bohnet et al. (2008) -
found that ex-post inequality resulting from negatively correlated payoffs does not influence the
willingness to take risks. By including both variations, our present study checks the validity and
the robustness of these findings in a very different context. Most importantly, Bolton and
Ockenfels (2010) had each participant making only one binary choice, where one option was
always a safe choice, and the risky option included identical prospects to oneself and the
counterpart with each outcome being realized with 50% probability. In the present study, on the
other hand, following Holt and Laury (2002), participants had to make a series of choices, where
all alternatives are risky, involve a large range of probabilities, and in the social context

prospects are not always identical.

Information (Info). Furthermore, we varied the amount of information subjects received about
the risk preferences of their counterpart. In those experiments including the info stage,
participants A were presented the overview screen from the IR treatment filled in by their

counterpart, and were thus fully aware of participant B’s risk taking profile. In the experiments
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without information, participants A had to take the social lottery choices without knowing

whether the affected participant B was more or less risk averse than herself.

No risk treatment (NR). The no risk treatment measured social preferences in a risk-free
environment. In the first two experiments, this was done by implementing a classic dictator
game, giving participant A the opportunity to divide a total sum of 12 EUR between herself and
participant B. In the remaining experiments, to increase consistency and comparability of the
applied measures, we replaced the dictator game by binary choices that correspond to the

expected values of the lotteries in SR-.

3.2.2 Procedure

Sessions were run during the period from April 2011 to January 2012 in the Cologne Laboratory
for Economic Research, University of Cologne, Germany. Experiments were programmed in
zTree (Fischbacher 2007). Subjects were recruited from the Cologne student body using the
online recruitment system ORSEE (Greiner 2004). Each of the seven experiments was played by
64 subjects (so that we have 32 dictator decisions in each social context decision task), leading
to a total of 448 participants. The four main experiments described below took 45 - 55 minutes
each, and students earned EUR 8.55 on average including a show-up fee of EUR 2.50 with a
standard deviation of 3.10 (the minimum was EUR 2.80, and the maximum EUR 14.05). All

payments were made anonymously.

In order to avoid income effects, we implemented the strategy method and informed
participants beforehand that one out of all their decisions would be randomly drawn to be
relevant for their earnings. After all subjects had made their choices, one participant drew a card
to determine the payoff-relevant decision. If necessary, a second threw a die to determine the

outcome of the respective lotteries. Appendix B contains the instructions.

3.2.3 Results

Our experimental design provides three main measures to describe subjects’ risk and social

preferences. The number of safe choices in the individual risk treatment without social context
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indicates individual risk aversion; the number of safe choices with social context indicates social
risk aversion. In both cases, a higher number of safe choices corresponds to higher risk aversion.
Inequality aversion is quantified by measuring either the amount of money transferred to
participant B (experiments 1 - 2) or the number of choices that lead to equal payoffs

(experiment 3 - 7) in the respective no risk treatment.

In our analyses we disregard the hypothetical choices of subjects of participant type B and use
only the data from subjects of type A for our analysis. Out of the 128 subjects who were assigned
the role of participant A, four subjects (3.13 %) exhibited inconsistent preferences by choosing
option A after having chosen option B before. We did not exclude these subjects; excluding them
would not change our main results. If not stated otherwise, we take as the null hypothesis that

risk taking is not affected by social context. In the following, we summarize our main results.
Result 1: Risk taking is not affected by inequality aversion.

We start with the observation that the kind of fairness (or inequality aversion) observed in risk-
free environments does not correlate with the patterns of risk taking that we observe in our
experiments. First, changing risk taking in the presence of social context might indicate a general
concern for the well-being of others. Therefore, one might expect a correlation between the
pattern of fairness in NR and changes in risk taking behavior when we move from IR to SR (we
refer to the difference between individual and social risk aversion as within-difference).
However, there is no evidence for this. With the exception of Experiment 4, the Spearman
correlation coefficients are small (.156, .148, .081, .403, in Experiments 1, 2, 3 and 4,

respectively) and insignificant (p values are .156, .148, .081, .403, respectively).

Second, in Experiments 2 and 4, payoffs of participant A and B are perfectly negatively
correlated and necessarily lead to ex-post inequality. In contrast, both subjects will always get
the same payoff in Experiments 1 and 3, where we induced positively correlated payoffs.
Assuming that ex-post inequality causes disutility, the risky option should be less attractive with
negatively correlated payoffs. Using an Independent Samples Wilcoxon rank-sum test, we cannot

reject the null hypothesis that the distribution of within-difference is the same with negatively
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and positively correlated payoffs, regardless of whether the data is pooled across Info and
Nolnfo or not. In fact, the mean within-difference in the experiments with information is exactly
the same (.34). In the experiments without information, the within-difference is higher with
negatively (.50) than with positively correlated payoffs (.22), but the difference in distributions
is insignificant (p = .140). This indicates that the corresponding observation in Bolton and
Ockenfels (2010) is robust, suggesting that procedural fairness concerns are not restricted to
simple, symmetric fifty-fifty lotteries. We also searched for other evidence for simple fairness
concerns, such as whether there is more risk taking when expected outcomes are more equal,
but could not find any.23 Because we confirm that there are no differences, we pool the SR- and
SR+ data in the following. That said, the next results demonstrate that social context significantly

and robustly affects social behavior, yet in ways not captured by simple fairness models.

Result 2: Risk aversion increases if the risk is extended to another subject.

It has been observed that social context can lead to less risk taking. For instance, groups act
more risk averse than individuals (Baker et al. 2008, Masclet et al. 2009), and subjects make less
risky choices when acting as an agent for a second party rather than deciding for themselves
(Charness and Jackson 2009, Reynolds et al. 2009), and if the risk is extended to another person.
Therefore, we expect subjects to be more risk averse in social than in individual decisions. In
fact, in all experimental conditions, adding social context leads to an increase in risk aversion.
We use a Related Samples Wilcoxon signed-rank test to test for differences in individual and
social risk aversion. Without information, the average number of safe choices increases
significantly from 5.56 to 5.92 (p = .006); with information, the average number of safe choices

increases from 5.94 to 6.28 (p =.008).

Result 3: If risk is extended to another subject whose risk preferences are unknown,

subjects adjust their risk preferences toward the mean.

23 This is not to say that fairness does not play a role at all. For instance, Bolton and Ockenfels (2010)
demonstrate that simple fairness concerns affect the willingness to take risks if the alternative option is
either a fair or an unfair safe outcome. But we do not find such evidence in the Holt-Laury environment.
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In Experiments 1 and 2, individual risk aversion and within-difference are significantly
negatively correlated (Spearman’s Rho = -.406, p = .001). In total, 18 subjects increase the
number of safe choices with social context while five subjects decrease it. This proportion gives a
first indication of a higher willingness to adjust risk taking if this results in increasing rather
than decreasing risk aversion, although the magnitude of the adjustment is almost symmetric
here. The mean increase is 1.67, the mean decrease is 1.4, which is not significantly different
(Wilcoxon signed-rank test, p = .675). All subjects who decrease the number of safe choices have
above-average risk preferences, and 13 out of 18 subjects who increase their safe choices have
below-average risk preferences.2* The mean overall risk taking without social context is 5.56;
while the subjects increasing their safe choices with social context exhibit an individual risk
aversion of 4.61 on average, the mean individual risk aversion for those subjects decreasing

their safe choices is 6.40. The difference is highly significant (Wilcoxon rank-sum test, p =.009).

Result 4: If risk is extended to another subject whose risk preferences are known,
subjects adjust their risk preferences toward the second participant’s risk preferences.
Subjects adjust their risk preferences more often and to a higher degree if the second

participant exhibits a higher risk aversion.

In Experiment 3 and 4, subjects were informed about their counterparts' individual risk
aversion and thus able to adjust their risk preferences toward their partners' if desired. We refer
to the difference in individual risk aversion of participant A and participant B as between-
difference. 33 out of 64 subjects changed their risk profile in the social setting. 28 out of these 33
subjects adjusted their preferences towards their respective partner’s risk profile. The
correlation between within- and between-difference is positive and highly significant with
Spearman’s Rho being .628 (p < .001). However, subjects react more often and stronger if their
partner is more risk averse, leading to both a regression effect and increased risk aversion with
social context. If participant B is less risk averse than participant A, participant A decreases the

number of safe choices by .28 on average; if participant B is more risk averse than participant A,

24 Accordingly, the standard deviation decreases from 1.582 to 1.504, but the difference is not significant
(Variance ratio test, p = .34).
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the mean increase in participant A’s number of safe choices is 1.11. The difference in absolute

magnitude is highly significant (Wilcoxon rank-sum test, p <.001).

3.3 Additional tests

We ran three additional experiments to check the robustness of our setting and investigate

alternative interpretations of our results.

3.3.1 Experimental design

The regression to the mean effect (Result 3) might be due to subjects’ desire to conform with
average behavior. However, the effect might also stem from a correction of an error in the first
series of decision and thus be mostly independent of the social context introduced in the second
series of decisions. If a participant makes a mistake in the first treatment and corrects it in the
second, this correction is more likely to move her switching point closer to the average rather
than away from it (for a similar argument, see Cooper and Rege 2011, p. 100). To be able to
distinguish between these explanations, we conducted Experiment 5, which differs from

experiment 1 only by the fact that the first and second treatment are reversed.

Figure 5: Overview experiments 5, 6 and 7

Experiment 5:

Reversed stages SR+ IR NR

Experiment 6:
Information about B's risk preferences IR IR NR

No risky social decisions

Experiment 7:
Information about risk prerences of 5 IR IR SR+ NR

players from previous experiment

Experiment 6 is designed to test whether the adjustment in stage 2 of the experiment, after
learning about the decisions of participant B, is due to the added social context (Result 4) or to
the information per se. As in Experiments 3 and 4, subjects play the individual risk treatment, are
matched to another participant, and are then informed about the other participant’s preferences.

Unlike experiments 3 and 4, however, they are then facing an individual risk treatment again.
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In Experiment 7, subjects are first confronted with the individual risk treatment. In a second
step, this treatment is repeated, but before each choice subjects are informed about their own
decision in the first part and the decisions of five other players from previous experiments. The
third part consists of the social risk treatment, where subjects of player type A decide for
themselves and a passive player. As in the second part, they are informed about their own
decision and the decision of five other players in the individual risk treatment prior to each
choice, not including the corresponding information of their participant B.25 As in all previous
experiments, the no risk treatment is employed as the last part. We refer to the information that
was given to the participants as low and high signal. The low signal consisted of information
from five participants who were risk prone and chose 3, 4, 4, 5 and 5 times the safe decision,
respectively. The high signal consisted of information from risk averse participants who chose 7,
7,8, 8 and 9 times the safe decision, respectively. This way we can directly measure the effect of

social information (see Cooper and Rege 2011 for a similar approach).

3.3.2 Procedure

The procedure was analogous to the main experiments. Sessions were run in January 2012 in
the Cologne Laboratory for Economic Research, University of Cologne, Germany. Each of the
three experiments was played by 64 subjects. Sessions took 45 - 55 minutes and students earned
EUR 9.04 on average including a show-up fee of EUR 2.50, with a standard deviation of 2.438

(the minimum was EUR 6.18, the maximum EUR 14.05). All payments were made anonymously.

3.3.3 Results

Result 5: If individual and social risk treatment are played in reversed order, there is no

adjustment effect as in our Result 3.

If the regression to the mean effect is due to correction of errors, we should find the same
convergence in Experiment 5, where treatment 1 and 2 are played in reversed order. Moreover,
since the social risk treatment is more cognitively challenging than the individual risk treatment

and therefore more likely to cause errors (if at all), the correction effect should be even more

25 Subjects know that they are not informed about the preferences of participant B.
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pronounced than in Experiment 1. However, we do not find a convergence of switching points

from treatment 1 (social risk) to treatment 2 (individual risk), as shown in Table 2.

Table 2: Individual and social risk aversion depending on order

Individual risk aversion Social risk aversion
Experiment 1 and 2 5.56 5.92
(IR-SR-NR) (1.58) (1.51)
N = 64
Experiment 5 5.81 5.84
(SR-IR-NR) (1.45) (1.37)
N =32

Standard deviations in parentheses

Thus, we do not find support for the hypothesis that the effect found in our main experiments
was due to correction of errors. That we do not find an effect in the opposite direction either can
be explained by the fact that the first treatment induced a social context, which may carry over
to the subsequent treatment and exert an influence on judgments, comparisons and decisions
(see, e.g., Posten et al. 2012 and the references therein for related evidence in psychology). This
view is corroborated by the fact that, unlike in Experiment 1 and 2, there is no significant
difference between mean individual and social risk aversion (Wilcoxon signed-rank test, p =
.815), and the within-difference in Experiments 1 and 2 is weakly significantly higher than in

Experiment 5 (Wilcoxon rank-sum test, p =.066).

Result 6: Social information on other participants’ choices per se triggers an adjustment

effect. The adjustment effect is further increased when risk taking affects a passive

player.
Table 3: Individual and social risk aversion with information
Individual risk aversion Social risk aversion/ individual
risk aversion
with information
Experiment 3 and 4 5.94 6.28
(IR - info - SR - NR) (1.49) (1.29)
N =64
Experiment 6 6.02 6.05
(IR - info - IR - NR) (1.69) (1.33)
N =64

Standard deviation in parentheses
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Is the adjusting process reported in Result 4 already triggered by the social information per se,
or is there a (possibly additional) effect if social context includes a passive player who is actually
affected by the decision maker's risk taking? In the latter case, the effect should be significantly
higher in the SR treatment than in the IR treatment. To investigate the hypotheses, we conduct
Experiment 6, in which participants play the individual risk treatment, receive information on
participant B’s choices in the individual risk treatment, and then repeat the individual risk
treatment. Individual and social risk aversion with and without information are shown in

Table 3.

We find, as before in Experiments 3 and 4, a large and highly significant correlation between
within- and between-difference (Spearman’s rho = .634, p < .001), which indicates an influence
of social information per se. Participants account for the decisions of their partners even if they

decide only for themselves.

Table 4: Mean adjustment in direction of matched participant

Mean adjustment in direction of ~ Group 1: lower risk aversion Group 2: higher risk aversion

matched participant than matched participant than partner

Experiment 3 and 4 1.107 276

(IR-info- SR-NR) (.994) (.960)
n=28 n=29

Experiment 6 .6 .56

(IR -info-IR-NR) (.913) (.961)
n=25 n =25

Standard deviations in parentheses

To test whether the magnitude of the adjustment effect further increases when the social context
becomes more significant through a passive player, who is actually affected by the decision
maker's risk taking, we divide the active participants in Experiment 3/4 and all participants in
Experiment 6 into two groups, depending on whether their risk taking is higher or lower than
those of their respective partner. We then use an Independent Samples Wilcoxon rank-sum test
to compare the effect between Experiment 3/4 and 6 within the groups. Table 4 gives an

overview of the magnitude of the adjustment. A positive number indicates an adjustment
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towards the other participant’s preferences.26 We find that in the group of participant with
lower risk aversion, risk taking is adjusted to a significantly higher extent if the matched
participant is directly affected (p =.029). For the group of participants with higher risk aversion,

as before, we find a weaker and statistically not significant effect (p =.124).

To further elaborate on the effect of information, we conduct Experiment 7 that enables a
within-comparison of individual risk taking without information, individual risk taking with
information, and social risk taking with information. We define the difference between safe
decisions in the first and second treatment as within-difference IR and between safe decisions in
the first and third treatment as within-difference SR. For the comparisons of the magnitude of the
effect, we recode the data such that a positive number indicates an adjustment towards the

mean signal (4.2 for the low signal, 7.8 for the high signal).

Table 5: Adjustment of risk preferences towards the mean signal in Experiment 7

Adjustment in direction of mean High signal Low signal Aggregated

signal

Within-difference IR .688 438 .563
(.704) (.512) (.619)
n=16 n=16 n=32

Within-difference SR 1.063 .563 .813
(1.063) (.630) (.896)
n=16 n=16 n=32

Standard deviations in parentheses

We use the full data set for our analysis of within-difference IR. As in Experiment 6, we find a
strong effect of social information per se. The correlation of within-difference IR and the signal is
highly significant (Spearman’s rho .490, p < .001). Similar to the results from experiment 6, the
effect is rather symmetric; the mean adjustment towards the signal is .38 for the low signal and
41 for the high signal, the magnitude of adjustment is not significantly different (two-sample

Wilcoxon rank-sum test, p = .865).

26 Experiment 3/4 provide data from 64 participants of type A, seven of which showed the same risk
preference as the corresponding participant B. Experiment 6 provides 32 pairs of participants, seven of
which had the same risk preferences within the pair.
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For the comparison between within-difference IR and within-difference SR, the data of the
passive participants are dropped. Table 5 shows the mean within-differences for low and high
signals. The adjustment effect in the aggregated data set is significantly higher in the social risk
treatment than in the individual risk treatment (Wilcoxon signed-rank test, p = .033), but the
differences within the groups are not or only weakly significant (p =.097 for high signal, p =.157
for low signal). Furthermore, we see a tendency for stronger adjustment with risk averse signals
compared to risk prone signals, but the difference is insignificant (p = .330 for within-difference

IR, p =.152 for within-difference SR).

We finally note that we do not find a correlation between the willingness to adjust individual
risk taking and social risk taking in the no risk treatment in any of the control experiments,

further supporting Result 1.

3.4 Conclusion

Extending previous observations by Bolton and Ockenfels (2010) and Rohde and Rohde (2011)
to a standard Holt and Laury (2002) setting, we find little evidence that risk taking is affected by
ex post inequality, yet robustly confirm evidence that risk taking becomes more conservative if
the risk is extended to another person. More importantly, by our within subject design, our
study can add two new observations on the nature of social risk taking. First, social context
makes risk taking being more conform with others' risk attitudes. Specifically, decision makers
generally adjust their risk taking towards what they know others do in a similar context.
Because of the increased conservatism in social context, the effect is more pronounced if the
adjustment results in less risk-taking. Second, the more the risky choices are embedded in a
social context, the more pronounced are these effects. While assigning a subject to a group and
informing her about the other participants’ choices is sufficient to trigger an adjustment, the
effect is significantly stronger if a subject’s risk taking has a direct influence on a second
participant. We conclude that conformism and conservatism systematically affect risk taking in a

social context.
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3.5 Appendix

Sample instructions (Experiment 3)

Welcome to the experiment!

You will be able to earn money during this experiment. The amount that will be paid out to you at the end of the experiment depends on your own
decisions as well as on the decisions of the other participants. Independently of your decisions during the experiment, you will receive an additional
fix fee of 2.50 Euros for showing up at the laboratory.

From now on please refrain from communicating with other paricipants until the end of the experiment. Should you have any questions at this
maoment or at any time during the experiment, please raise your hand and we will come to you to answer your question. If you infringe these rules we
unfortunately have to disqualify you from the experiment and all payments.

The experiment consists of three parts. Prior to every part you receive detailed instructions. During the experiment you will have to make 30
decisions in total. After the experiment, one ofthese decisions will be randomly chosen by drawing a card in public. This decision will determine
your final payout. Thus, please keep in mind during the entire experiment that each of your decisions can be relevant for your payment.

All decisions that you make during the experiment as well as your final payment will be treated confidentially.

The following instructions refer to the first part of the experiment. You will receive new instructions after finishing this (first) part.

Part |

The next pages show ten decisions. Each decision is a choice between two oplions that lead to different payoffs. You may choose option X for some
decisions and option Y for others. Itis important, however, that you decide upon one of both options on each screen.

After making your decisions, an overview of the ten decisions will be shown to you to enable you to check your decisions and correct them, if
necessary.
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Decision 1

You have the choice between two options that lead to different payoffs. The possible monetary payoffs stay
the same for Decisions 1 through 10. Only the probability to receive the respectively higher payoff will
increase from 10% in decision 1 to 100% in decision 10.

Ifthis decision is chosen for actual payment, the monetary payoff that you receive will be determined by the
option you select and the roll of a ten-sided die. Please select one of the two options.

Option X: In case of a 1 (10% probability), you will receive 6.00€. Incase ofa 2,3,4,5,6,7,8 90r 10 (90%
probability), you will receive 4.80 €.

Option Y: In case of a 1 (10% probability), you will receive 11.55€ Incaseofa2 3,4 5 6 7,8, 90r 10 (90%
probability), you will receive 0.30 £

™ QOption'¥

Decision 2

You have the choice between two options that lead to different payoffs. The possible monetary payoffs stay
the same for Decisions 1 through 10. Only the probability to receive the respectively higher payoff will
increase from 10% in decision 1 to 100% in decision 10.

Ifthis decision is chosen for actual payment, the monetary payoff that you receive will be determined by the
option you select and the roll of a ten-sided die. Please select one of the two options.

Option X: In case of a 1 or 2 (20% probability), you will receive 6.00 €. In caseofa3, 4,5 6,7, 8,9 or 10 (B0%
probability), you will receive 4 .80 €.

Option ¥: In case of a 1 or 2 (20% probability}, you will receive 1155 € . Incaseofa 3 4,5 6 7,8 90r10
(80% probability), you will receive 0.30 £

" QOption'Y
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Here is 3 summary of your choices in decisions 1 through 10. The filled in dots indicate whether you selected Option X or Option Y.
If you wish to make a change to any choice, just click on the respective empty circle. When you are done, please confirm your choices by pressing the "OK™ button.

Option X: Option Y:
Decision 1: With 10% probability, you will receive 6.00 Euro. e With 10% probability, you will receive 11.55 Euro.
With 90% probability, you will receive 4.80 Euro. With 90% probability, you will receive 0.30 Euro.
Decision 2: With 20% probability, you will receive 6.00 Euro. cG With 20% probability, you will receive 11.55 Euro.
With 80% probability, you will receive 4.80 Euro. With 80% probability, you will receive 0.30 Euro.
Decision 3: With 30% probability, you will receive 6.00 Euro. G With 30% probability, you will receive 11.55 Euro.
With 70% probability, you will receive 4.80 Euro. With 70% probability, you will receive 0.30 Euro.
Decision 4: With 40% probability, you will receive 6.00 Euro. Cce With 40% probability, you will receive 11.55 Euro.
With 60% probability, you will receive 4.80 Euro. With 60% probability, you will receive 0.30 Euro.
Decision 5: With 50% probability, you will receive 6.00 Euro. e With 50% probability, you will receive 11.55 Euro.
With 50% probability, you will receive 4.80 Euro. With 50% probability, you will receive 0.30 Euro.
Decision 6: With 60% probability, you will receive 6.00 Euro. e With 60% probability, you will receive 11.55 Euro.
With 40% probability, you will receive 4.80 Euro. With 40% probability, you will receive 0.30 Euro.
Decision 7: With 70% probability, you will receive 6.00 Euro. e With 70% probability, you will receive 11.55 Euro.
With 30% probability, you will receive 4.80 Euro. With 30% probability, you will receive 0.30 Euro.
Decision 8: With 80% probability, you will receive 6.00 Euro. e With 80% probability, you will receive 11.55 Euro.
With 20% probability, you will receive 4.80 Euro. With 20% probability, you will receive 0.30 Euro.
Decision 9: With 90% probability, you will receive 6.00 Euro. -G With 90% probability, you will receive 11.55 Euro.
With 10% probability, you will receive 4.80 Euro. With 10% probability, you will receive 0.30 Euro.
Decision 10: With 100% probability, you will receive 6.00 Euro. e With 100% probability, you will receive 11.55 Euro.

[T

Part Il
In the first part, you have made ten decisions that only concerned your own payoff.

Mow, in the second part, you will be matched coincidentally into groups of two and you will be assigned the role of either Player A or Player B. The
group matching and the roles of the players will stay the same until the end of the experiment.

Player A will have to make the same decisions as in part 1 of the experiment. This time, hel/she will not only decide on hisfher payoff, but also on the
payoff of the other person in his/her group.

The other player, Player B, also works on part 2, but his/her decisions are just hypothetical. These hypothetical decisions will not be paid.

Accordingly, when the one relevant decision of this part will be randomly selected at the end of the experiment, Player A's decision determines the
payoff of both players in the group. Mone of the participants will know at any time who the other playerin his/her group is.

Your role will be revealed on the next page.
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You are Player A.

Your decisions determine your own payoff and the payoff of Player B. Player B answers the same questions as you, but his/her decisions are only

hypothetical and are not relevant for the payofi.

Here is a display of decisions made by player B within round 1 to 10. The labels indicate if option X or option Y was chosen. Please confirm by clicking the "OK™button.

Decision 1:

Decision 2:

Decision 3:

Decision 4:

Decision 5:

Decision 6:

Decision 7:

Decision 8:

Decision 9:

Decision 10:

Option X:

With a probability of 10% you receive 6.00 Euro.
With a probability of 90% you receive 4.80 Euro.

With a probability of 20% you receive 6.00 Euro.
With a probability of 80% you receive 4.80 Euro.

With a probability of 30% you receive 6.00 Euro.
With a probability of 70% you receive 4.80 Euro.

With a probability of 40% you receive 6.00 Euro.
With a probability of 60% you receive 4.80 Euro.

With a probability of 50% you receive 6.00 Euro.
With a probability of 50% you receive 4.80 Euro.

With a probability of 60% you receive 6.00 Euro.
With a probability of 40% you receive 4.80 Euro.

With a probability of 70% you receive 6.00 Euro.
With a probability of 30% you receive 4.80 Euro.

With a probability of 80 % you receive 6.00 Euro.
With a probability of 20 % you receive 4.80 Euro.

With a probability of 90% you receive 6.00 Euro.
With a probability of 90% you receive 4.80 Euro.

With a probability of 100% you receive 6.00 Euro.
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Option Y:

With a probability of 10% you receive 11.55 Euro.
With a probability of 90% you receive 0.30 Euro.

With a probability of 20% you receive 11.55 Euro.
With a probability of 80% you receive 0.30 Euro.

With a probability of 30% you receive 11.55 Euro.
With a probability of 70% you receive 0.30 Euro.

With a probability of 40% you receive 11.55 Euro.
With a probability of 60% you receive 0.30 Euro.

With a3 probability of 50% you receive 11.55 Euro.
With a probability of 50% you receive 0.30 Euro.

With a probability of 60% you receive 11.55 Euro.
With a probability of 40% you receive 0.30 Euro.

With a probability of 70% you receive 11.55 Euro.
With a probability of 30% you receive 0.30 Euro.

With a probability of 80 % you receive 11.55 Euro.
With a probability of 20 % you receive 0.30 Euro.

With a probability of 90% you receive 11.55 Euro.
With a probability of 90% you receive 0.30 Euro.

With a probability of 100% you receive 11.55 Euro.
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Decision 11

You have the choice between two options that lead to different payoffs. The possible monetary payofis stay the same for Decisions 11 through 20.
Only the probability to receive the respectively higher payoff will increase from 10% in decision 11 to 100% in decision 20.

Ifthis decisicon is chosen for actual payment, the monetary payoff that you and player B receive will be determined by the option you select and the
roll of a ten-sided die. Please select one of the two options.

Option X: In case of a 1 (10% probability), you and Player B will receive 6.00 € each. Incase ofa 2, 3,4, 5, 6,7, 8, 9 or 10 (90% probability), you and
Player B will receive 4.80 € each.

Option ¥: In case of a 1 (10% probability), you and Player B will receive 11.55€ each. Incase ofa 2, 3,4, 5,6, 7, 8, 9 or 10 (30% probability), you and
Player B will receive 0.30 € each.

" Option X
" Option Y
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Decision 12

You have the choice between two options that lead to different payoffs. The possible monetary payoffs stay the same for Decisions 11 through 20.
Only the probability to receive the respectively higher payoff will increase from 10% in decision 11 to 100% in decision 20.

Ifthis decision is chosen for actual payment, the monetary payoff that you and player B receive will be determined by the option you select and the
roll of a ten-sided die. Please select one of the two options.

Option X:In case of a 1 or 2 (20% probability), you and Player B will receive 6.00 € each. Incase ofa 3, 4,5 6,7, 8, 9 or 10 (80% probability), you
and Player B will rece