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Joint measurement of risk aversion, prudene andtemperane∗Sebastian Ebert† and Daniel Wiesen‡November 16, 2010AbstratWe propose a method to measure the intensity of risk aversion, prudene (downsiderisk aversion) and temperane (outer risk aversion) in experiments. Higher-order riskompensations are de�ned within the proper risk apportionment model of Eekhoudtand Shlesinger [Amerian Eonomi Review, 96 (2006) 280℄ that are eliited usinga multiple prie list format. This approah is not based on expeted utility the-ory. In our experiment we �nd evidene for risk aversion, prudene and temperane.Women demand higher risk ompensations for all orders. The highest ompensationis demanded for taking downside risk, not for being (seond order) risk-loving. Thishighlights the importane of prudene when onsidering eonomi deisions under risk.Keywords: Deision making under risk, laboratory experiment, prudene, risk aver-sion, temperane, gender di�erenesJEL lassi�ation: C91, D811 IntrodutionThe onept of risk aversion plays a key role in analyzing deision making under risk. Anestablished haraterization is that an individual preferring a payo� with ertainty over arisky payo� with the same mean is said to be risk-averse (e.g., Gollier 2001, p.18). Al-ternatively, Rothshild and Stiglitz (1970) state that a risk averse individual dislikes anymean-preserving spread of the wealth distribution. Within an expeted utility (EU) set-ting, these two haraterizations oinide and are equivalent to the utility funtion being
∗We are grateful for valuable omments and suggestions by Louis Eekhoudt, Thomas Gehrig, HarrisShlesinger, Reinhard Selten, onferene partiipants of the 2010 GfeW Meeting in Luxembourg, seminarpartiipants in Bonn, Freiburg and partiipants of the SGSS workshop in Bonn in January 2010. Wethank Emanuel Castillio for his programming assistane as well as Martin Aht and Javier Sanhez fortheir help onduting the experiment. Further, we thank Mihael Borrs, Mara Ewers, Stefanie Lehmann,Jan Meise and Gert Pönitzsh for their partiipation in a pilot experiment and their helpful ommentson the experiment at that stage. The experiment was �naned through the Geneva Assoiation ResearhGrant 2009. Ebert's researh is �naned by the Bonn Graduate Shool of Eonomis and Wiesen's researhis �naned by the Konrad-Adenauer-Stiftung e.V.
†Bonn Graduate Shool of Eonomis, University of Bonn, Tel: +49 (0)228 73 97 27, e-mail:sebastianebert�uni-bonn.de
‡BonnEonLab, Laboratory for Experimental Eonomis, University of Bonn, Tel: +49(0)228 739194,Fax: +49(0)228 739193, e-mail: daniel.wiesen�uni-bonn.de.1



onave.Risk aversion is not a onept to desribe an individual's risk preferenes exhaustively. Itis just one piee in the puzzle, whih needs to be omplemented by higher-order risk prefer-enes. Prudene (third-degree risk-aversion) and temperane (fourth degree risk aversion)are lesser known traits a�eting behavior towards risk. Although Kimball (1990) oinedthe term `prudene', its impliations have been used in assessing a preautionary demandfor saving muh earlier by Leland (1968) and Sandmo (1970). In partiular, they showwithin an EU setting how a risky future inome does not guarantee that a onsumer in-reases saving unless the individual exhibited prudene. The notion of `temperane' wasalso introdued by Kimball (1992). Temperane refers to the fat that the advent of anunavoidable risk should lead an individual to redue the exposure to another risk even ifthe two risks are statistially independent.Reently a large theoretial literature on the impliations of higher-order risk pref-erenes under EU has emerged. Eekhoudt and Gollier (2005) analyze the impat ofprudene on prevention, i.e. the ation undertaken to redue the probability of an ad-verse e�et to our. This also plays an important role in a medial deision makingontext (see Courbagé and Rey 2006). Esö and White (2004) show that there an bepreautionary bidding in autions when the value of the objet is unertain and whenbidders are prudent. Likewise, White (2008) analyzes prudene in bargaining. Treih(forthoming) shows that prudene an derease rent-seeking e�orts in a symmetri on-test model. Fagart and Sinlair-Desagné (2007) investigate prudene in a prinipal agentmodel with appliations to monitoring and optimal auditing. Within a standard maroeo-nomi onsumption and labor model, Eekhoudt and Shlesinger (2008) analyze the impatof prudene and temperane on poliy deisions suh as hanges in the interest rate. Otherexamples are insurane demand (e.g., Fei and Shlesinger 2008) or life-yle investmentbehavior (e.g., Gomes and Mihaelides 2005). By neessity this is not a omplete list ofappliations.Independent of the assumptions of EU, prudene and temperane also play key roles inaversion to negative skewness and kurtosis, respetively. Prudene has been shown to beequivalent to aversion to inreases in downside risk as de�ned by Menezes et al. (1980). Adownside risk inrease does not hange mean and variane of a prospet, but does dereaseits skewness. Likewise, an inrease in outer risk inreases kurtosis but leaves the �rst threemoments of a distribution unhanged. Menezes and Wang (2005) show that temperaneis equivalent to outer risk aversion.More reently, both prudene and temperane have been haraterized outside an EUontext by Eekhoudt and Shlesinger (2006) as preferenes over 50/50 lottery pairs. Theirde�nition, whih is shown to be equivalent to the ones mentioned, is partiularly appeal-ing for experimental purposes. Prudene is de�ned as a preferene for disaggregating azero-mean risk and a sure redution in wealth aross two equally likely states of nature.Analogously, temperane is a preferene for the disaggregation of two independent zero-mean risks.1On the empirial side, there is an extensive literature on the measurement of risk1This de�nition of higher-order risk preferenes is generalized in Eekhoudt et al. (2008) as preferenefor ombining good with bad. This de�nition also does not rely on EU.2



aversion in numerous empirial settings (e.g. Barsky et al. 1997) as well as in variousexperiments. Fousing on experiments, almost as large as the number of experimen-tal studies is the diversity in proedures. Two well established methods based on bi-nary lottery hoies are the multiple prie list (e.g., Shubert et al. 1999, Holt and Laury2002, Barr and Pakard 2002) and random lottery pairs tehnique (e.g., Grether and Plott1979, Hey and Orme 1994). An alternative approah omprises a seletion task from anordered set of lotteries (e.g., Binswanger 1980, Ekel and Grossman 2008 a). Anotherprominent method is the Beker-DeGroot-Marshak aution where a ertainty equivalentis eliited (Beker et al. 1964, Harrison 1986, Loomes 1988). Related to the latter methodWakker and Dene�e (1996) propose a ertainty equivalent tehnique with endogenous prob-abilities. In Dohmen et al. (forthoming) subjets deide between safe and risky optionsin a variant of the so-alled swith multiple prie list tehnique.2 Another experimentalmethod based on the proper risk apportionment model will be proposed in this paper.In ontrast, there are few empirial studies on higher-order risk attitudes. Dynan (1993),Carrol (1994) and Carroll and Kimball (2008) trae prudene indiretly via the preau-tionary savings motive. We are not aware of an empirial study intentionally testing fortemperane.3Laboratory experiments ould be used to investigate prudene and temperane as wellas the assoiated theories and behavioral traits in a more ontrolled environment. Re-searh in this diretion has just started. The �rst attempt in this diretion was made byTarazona-Gomez (2004) who �nds weak evidene for prudene. Her experiment relies ona ertainty equivalent approah involving lotteries with several di�erent outomes. It isbased on strong assumptions within EU, in partiular, a trunation of the utility funtion.The only other papers testing for prudene are Dek and Shlesinger (forthoming) andEbert and Wiesen (2009) whih test for prudene using the lotteries of Eekhoudt and Shlesinger(2006). Both papers �nd signi�ant support for prudene (61% and 65% of responses, re-spetively). Ebert and Wiesen (2009) motivate and show that the hoie of the zero-meanrisk onsidered in Eekhoudt and Shlesinger's proper risk apportionment model signif-iantly in�uenes subjets' deisions. Dek and Shlesinger (forthoming) also test fortemperane and �nd weak evidene for intemperate behavior.These studies test for the diretion of third- or fourth order risk preferenes, but do notmeasure their intensity. Subjets make several lottery hoies and inferene is made onthe ount of prudent (temperate) hoies. In partiular, suh a design makes it di�ult toompare the relative importane of prudene or temperane for a given individual.Thus the aim of the present paper is, �rstly, to present a method to measure the inten-sity of risk aversion, prudene and temperane. Seondly, this is done jointly so that wean ompare their relative importane for a given individual. The approah is not basedon EU. We de�ne higher-order risk ompensations within the proper risk apportionmentmodel of Eekhoudt and Shlesinger. More spei�ally, we measure the smallest amountthat must be added to the lottery with more 2nd- (3rd-, 4th-) degree risk that makes an2See Harrison and Rutström (2008) for a omprehensive overview on di�erent experimental methods toeliit risk aversion.3Dittmar (2002) presents weak evidene for kurtosis aversion in asset returns. Also results in Guiso et al.(1996) from an Italian household survey on pension-investment deisions are onsistent with temperatebehavior. 3



individual prefer this lottery over the one with less 2nd- (3rd-, 4th-) degree risk. Thisimplies a lear tradeo� between nth degree risk and expeted wealth. The lotteries in theexperiment are alibrated suh that ompensations for di�erent degrees of risk are om-parable. We also show how these ompensations are related to indies of higher-order riskattitudes de�ned in the literature just reently (Modia and Sarsini Modia and Sarsini,Jindapon and Neilson 2007 and Denuit and Eekhoudt forthoming b).Our experimental method is a ombination of the ompound lottery display introduedin Ebert and Wiesen (2009) and a multiple prie list tehnique whih is popular from theHolt and Laury (2002) experiment. A within-subjet design is applied to measure riskompensations of di�erent orders. This design in turn is embedded in a between-subjetfatorial design used to test our approah for robustness to typial manipulations of theexperimental setup.We �nd substantial evidene for risk aversion, prudene and temperane. Most interest-ingly, in our experiment subjets demand a signi�antly higher downside risk ompensationompared to the 2nd-order risk ompensation. This highlights the importane of prudeneand likewise questions the exessive fous on risk aversion in the eonomis literature, boththeoretial and empirial. In partiular, the literature ontains numerous di�erent exper-imental methods to measure risk aversion, but this paper onstitutes the �rst approahto measure prudene. The outer risk ompensation is smallest and signi�antly di�erentfrom both the downside and seond-order risk ompensations. However, it is still signi�-antly positive whih indiates that most subjets are temperate, ontrary to the tendenyobserved in Dek and Shlesinger (forthoming). For a given subjet, we �nd a positiveorrelation between ompensations demanded, in partiular for prudene and temperane.Thus, given the assumption of EU, our experiment supports the assumption of mixed riskaversion (Caballe and Pomansky 1996) whih is exhibited by all the ommonly used utilityfuntions (Brokett and Golden 1987).Moreover, we ontrolled the number of male and female partiipants in order to hekfor possible gender di�erenes. Di�erenes between women and men in risk attitudes arewell doumented in the experimental eonomis literature. Most evidene suggests thatwomen pereive risks as greater, engage in less risky behavior, and hoose alternativesthat involve less risk, see Ekel and Grossman (2008 b) and Croson and Gneezy (2009) forreviews of the relevant literature. We show that this is also the ase for higher order riskattitudes. Women are signi�antly more risk averse, more prudent and more temperatethan men.The remainder of this paper is as follows. In Setion 2 we review the proper risk appor-tionment model and de�ne risk ompensations of higher-orders. In Setion 3 we explainour experimental approah to eliit these ompensations. In Setion 4 we give the resultsof the experiment and in Setion 5 we onlude.2 Proper risk apportionment approah to eliit demandedhigher-order risk ompensationsWithin the expeted utility (EU) framework, assuming di�erentiability of a utility funtion
u, risk aversion, prudene and temperane are de�ned as u′′ < 0, u′′′ > 0 and u(4) < 0, re-4



spetively. However, our experimental methodology is not based on EU but on the properrisk apportionment model of Eekhoudt and Shlesinger (2006). Therefore, risk aversion,prudene and temperane are de�ned as a preferene over lottery pairs.We �rst de�ne (2nd-degree) risk aversion. Let x be the individual's wealth and k, r > 0are �xed monetary amounts. With B2 = [x − r, x − k], for example, we denote the 50/50gamble B2 that has equally likely payo�s x−r and x−k. An individual is alled risk averseif she prefers B2 to A2 = [x − r − k, x] for arbitrary parameter values x, r and k. Thelotteries are displayed in Figure 1. Thus, a risk averse individual prefers to disaggregateFigure 1: Risk aversion lottery pair (A2, B2)

B2

x − r
1

2

x − k1

2

A2

x − r − k
1

2

x1

2This �gure shows lotteries of the type used to measure riskaversion in the experiment. x is the subjet's endowment and
−r and −k denote sure redutions in wealth. To imagine aprudene lottery pair (A3, B3), simply replae the −r witha zero-mean risk ǫ̃1. To imagine a temperane lottery pair
(A4, B4), additionally replae −k with a seond independentzero-mean risk ǫ̃2.unavoidable losses −r and −k aross states of nature. This preferene is equivalent underEU to u′′ < 0, as shown in Appendix A.4 The preferene is also equivalent to a preferenefor dereases in risk in the sense of Rothshild and Stiglitz (1970).In order to de�ne prudene (3rd-degree risk aversion, downside risk aversion), the sureredution in wealth −r in the de�nition for risk aversion (also illustrated in Figure 1) isreplaed with a zero-mean risk ǫ̃. That is, an individual is alled prudent if she prefers

B3 = [x−k, x+ ǫ̃] over A3 = [x, x−k+ ǫ̃] for all wealth levels x, sure wealth redutions −kand zero-mean risks ǫ̃. That is, a prudent individual prefers to disaggregate an unavoidablerisk and a loss aross di�erent states of nature. Equivalently, an unavoidable risk is pre-ferred when wealth is higher. Eekhoudt and Shlesinger (2006) show that this prefereneis equivalent to u′′′ > 0 in EU or to a preferene for dereases in downside risk as de�nedby Menezes et al. (1980).Finally, temperane (4th-degree risk aversion, outer risk aversion) is de�ned as a prefer-ene of B4 = [x+ ǫ̃1, x+ ǫ̃2] over A4 = [x, x + ǫ̃1 + ǫ̃2] where ǫ̃1 and ǫ̃2 are two independentzero-mean risks. Under EU, this preferene is equivalent to u(4) < 0 and it is also equiva-lent to a preferene for dereases in outer risk as de�ned by Menezes and Wang (2005).Eekhoudt and Shlesinger (2006) de�ne a nesting proess to onstrut lotteries Bn and
An from the lotteries Bn−2 and An−2. Then they show that the preferene Bn over Anis equivalent to (−1)(n)u(n) < 0 under EU whih was labeled nth-degree risk aversion byEkern (1980). An individual might be, for example, risk-loving and prudent (imprudent)4Eekhoudt and Shlesinger (2006) originally onsidered the lotteries B̃2 ≡ 0 and Ã2 = [0, ǫ̃], where ǫ̃ isa zero-mean risk, and show that preferring B̃2 over Ã2 for all ǫ̃ is equivalent to u′′ < 0. We use the lotteries
B2 and A2 instead beause a ertainty e�et ould distort experimental results when using B̃2 and Ã2.5



just as he might be risk-averse and prudent (imprudent). If an individual prefers Bn over
An for all n she is alled mixed risk averse, see Caballe and Pomansky (1996). Under EUthis means that her utility funtion is inreasing with derivatives of alternating sign. Itis interesting to note that all the ommonly used utility funtions imply mixed risk aver-sion, see Brokett and Golden (1987). Ebert (2010) showed that the utility of the properrisk apportionment of left-skewed risks is maximal if and only if the EU deision makeris mixed risk averse. By measuring three di�erent degrees of risk aversion, we obtain atestable hypothesis for mixed risk aversion.Our experiment aims to eliit ompensations for nth-degree risk aversion for n = 2, 3, 4,i.e. a (2nd-degree) risk ompensation mRA, a downside risk (imprudene) ompensation
mPR and an outer risk (intemperane) ompensation mTE. For example, in the ase ofrisk aversion, for every individual we aim to eliit mRA where she is indi�erent between
B2 = [x − r, x − k] and A2 + mRA = [x + mRA, x − r − k + mRA].5 For a (2nd-degree) risk-loving individual, mRA will be negative. Unlike in the experiments of Dek and Shlesinger(forthoming) and Ebert and Wiesen (2009) we thus obtain a measure of the intensity ofthe risk attitude rather than only a test of preferene diretion.Before explaining the proedure to implement our higher-order risk ompensation ap-proah to measure higher-order risk preferenes in a laboratory experiment, it is interest-ing to relate it to the very reent theoretial literature on higher-order intensity measures.Generally, this literature is onerned with generalizing the measures introdued in Arrow(1965), Pratt (1964) and Ross (1981) to higher orders. Thus the following interpretationsare subjet to the EU paradigm. However, keep in mind that our approah is based on theproper risk apportionment model of Eekhoudt and Shlesinger whih does not rely on EUand, in partiular, does not rely on any of the assumptions or approximations frequentlyobserved in that literature.Kimball (1990, 1992) established a link between u′′′

u′′ and the intensity of preaution-ary savings. Chiu (2005) gave a hoie-theoreti foundation of this measure parallel-ing that of Arrow and Pratt being generalized to nth order by Denuit and Eekhoudt(forthoming a). Modia and Sarsini (2005) show that u′′′

u′ is a natural extension of theRoss measure of stronger risk aversion and suggest that it is also loally a good measurefor the intensity of downside risk aversion. In partiular, the di�erene in ompensa-tions of random variables with equal mean and variane an approximately be written asthe produt of u′′′

u′ and the di�erene in their third moments. This holds loally at anywealth level x. Jindapon and Neilson (2007) and Denuit and Eekhoudt (forthoming b)generalize their results and onlude that (−1)n+1 u(n)

u′ is also loally an appropriate in-dex of nth order risk attitude. For example, −u(4)

u′ is an appropriate measure for kurtosisaversion. Crainih and Eekhoudt (2008) more spei�ally onsider a ompensation forEekhoudt and Shlesinger's prudene lotteries and relate it to u′′′

u′ . In derivations similar5Many di�erent forms of ompensations are possible. For example, the (seond-order) risk premiumde�ned in Ross (1981) in our setting orresponds to a ompensation subtrated from B2 for sure. We hosethe ompensation we think is most onvenient for experimentation, see setion 3.3 for a disussion. It hasbeen onsidered in LaValle (1968).
6



to theirs, in Appendix A we show that for the lotteries in our experiment we have
−

u′′(x)

u′(x)
≈

2mRA
r(k − mRA)

(1)
u′′′(x)

u′(x)
≈

4mPR
σ2(k − mPR)

(2)
−

u(4)(x)

u′(x)
≈

8mTE
σ2

1σ
2
2

(3)where σ2 = E[ǫ̃2], σ2
1 = E[ǫ̃2

1] and σ2
2 = E[ǫ̃2

2] denote the varianes of the zero-mean risks.Eah intensity measure is inreasing in the orresponding ompensation m•. If we furtherassume that mRAr and mPRσ2 are small ompared to rk and σ2k, respetively, we an addsome more interpretation. The di�erene in variane of the risk aversion lotteries is −rk,the di�erene in the unstandardized entral third moment of the prudene lotteries is
0.75σ2k and the di�erene in the unstandardized entral fourth moment is −1.5σ2

1σ2
2 .
6Thus in this ase eah ompensation of order n that we measure is proportional to theorresponding intensity measure of order n and to the di�erene in moments of order n.3 Experimental design and proedureIn this setion we �rst present the general set up of the experiment. Then we desribethe deision situation in-depth. We further disuss our experimental methodology and thehoie of parameters. Finally, we desribe the experimental proedure.3.1 General designIn our experiment, we present subjets with a menu of pairwise lottery hoies that per-mits us to identify subjets' degree of risk aversion, prudene and temperane. Therebywe extend the methodology of Dek and Shlesinger (forthoming) and Ebert and Wiesen(2009) who test for higher-order risk attitudes in a yes-or-no fashion. Further, beausewe use a within-subjet design, we an ompare the intensity of risk attitudes of orders2,3 and 4 at an individual level. That is, we an investigate their relative importane tosubjets. The main idea of the method is to ombine a multiple prie list format7 with theballot box representation of ompound lotteries introdued in Ebert and Wiesen (2009).Overall subjets make 120 deisions. After the experiment one deision is randomlyseleted to determine that subjet's payo�.8 The 120 deisions divide into 20 deisions6Beause of entralization this holds for the lotteries with or without a ompensation. See e.g. Ebert(2010) for the omputations.7Besides the studies mentioned in the Introdution prominent examples of studies employing a multipleprie list method to eliit risk attitudes are Murnighan et al. (1988) and Gonzalez and Wu (1999).8It has beome inreasingly ommon in eonomis experiments to eliit a series of hoies from parti-ipants and then to pay for only one seleted at random; see Baltussen et al. (2010) for a �ne overview.The random hoie payment tehnique enables the researher to observe a large number of individualdeisions for a given researh budget. However, the important question arises whether subjets behaveas if eah of these hoies involves the stated payo�s. This issue has been analyzed, among various othersetups, in experiments with pairwise lottery hoie problems similar to our experiment. For example,Starmer and Sugden (1991) found lear evidene that under random payment subjets isolate hoies as ifpaid for eah task. Similar evidene was reported by Beattie and Loomes (1997) and Cubitt et al. (1998).In a lottery experiment with a multiple prie list format Laury (2005) reports no signi�ant di�erene inhoies between paying for 1 or all 10 deision. 7



on eah out of 6 di�erent deision sreens. One sreen is for risk aversion (stage RA),three sreens are for prudene (stage PR, tasks PR1, PR2, PR3) and two sreens are fortemperane (stage TE, tasks TE1, TE2). On eah sreen, subjets make 20 hoies over alottery pair as introdued in Setion 2, where eah deision is for a di�erent value of theompensation. For example, in stage RA subjets deide between B2 and A2 + mRA for
k = 5 and r = 10 where mRA takes the 20 values in EUR9

−2.50,−2.25, . . . ,−0.25, 0.00, 0.25, . . . , 2.00, 2.25.The values for mPR and mTE follow the same grid within one experimental session.10Figure 2 shematially illustrates the lottery pairs used in the stages of the experiment.Beause outomes of lotteries ould be negative subjets reeived an endowment perFigure 2: Lottery pairs in the stages of the experiment�Less risky� option (Bh) �More risky� option (Ah)Stage RA
B2

−10
1

2

−51

2

A2

−10 − 5 + mRA1

2

mRA
1

2Stage PR
B3

ǫ̃
1

2

−51

2

A3

−5 + ǫ̃ + mPR1

2

mPR
1

2with di�erent ǫ̃ for tasks PR1, PR2, PR3, i.e. PR1: ǫ̃ = [0.5, 7; 0.5,−7], PR2: ǫ̃ = [0.8, 3.5; 0.2,−14]PR3: ǫ̃ = [0.8,−3.5; 0.2, 14] Stage TE
B4

ǫ̃1
1

2

ǫ̃21

2

A4

ǫ̃1 + ǫ̃2 + mTE1

2

mTE
1

2with di�erent ǫ̃1 and ǫ̃2 for tasks TE1 and TE2, i.e. TE1: ǫ̃1 = [0.5, 7; 0.5,−7], ǫ̃2 = [0.5, 3.5; 0.5,−3.5]TE2: ǫ̃1 = [0.8,−2.8; 0.2, 11.1], ǫ̃2 = [0.8, 2.8; 0.2,−11.1]This �gure illustrates the lotteries used in the experiment inluding the ompensations. Forrisk aversion we measure one ompensation mRA, for prudene temperane we measure threeompensations mPR1, mPR2 and mPR3 and for temperane we measure two ompensations mTE1and mTE2.deision. Endowments vary aross stages being 25.00 EUR in stage RA, 20.00 EUR in stagePR and 17.50 EUR in stage TE. The endowment is shown on subjets deision sreens9Notie that all monetary values in the experiment are indiated in EUR.10In Subsetion 3.4 we explain how we test for robustness to variations of the ompensations grid andto sequening e�ets. 8



and, additionally, subjets are handed oupons illustrating the endowment right beforeeah stage is started.3.2 Deision sreensWe use a omputerized experiment programmed with z-Tree (Fishbaher 2007) to makeuse of appropriate randomization tehniques explained later. While it is somewhat um-bersome to explain the deision sreen in writing, it is onveniently explained to subjetsin a presentation prior to the experiment. In the following we will desribe the deisionsituation in the experimental stages in more detail. We begin with stage PR and after-wards ontrast it with stages RA and TE.An example of a deision task in stage PR (task PR3) is given in Figure 3. It must beunderstood as follows: On the upper left the number of the urrent deision is displayed(`Deision 35'). Below follows a statement indiating subjets' endowment whih is on-stant for all deisions in that stage. By liking the �OK� button on the lower right ornerthe subjet an leave the deision sreen if all 20 deisions have been made. Otherwise thesubjet is reminded through a pop-up window that she �rst has to omplete all 20 deisionson that sreen. The rest of the sreen is divided into three panels that are displayed indarker greys than the bakground. From left to right, the �rst panel displays one possiblelottery hoie (Option A), the seond displays the alternative lottery hoie (Option B)and the far right, dark grey panel is the �deision panel.�We start with explaining the representation of the lottery displayed in the �rst panel(Option A). It onsists of three items. Left is a ballot box ontaining two (blue) balls,labeled �Up� and �Down�, respetively. Note that the panel itself is horizontally separated.The upper part ontains a seond ballot box that ontains eight (yellow) balls labeled�−3.50� and two (white) balls labeled �14.00� and represents a gamble that yields −3.50with probability 8/10 and 14.00 with probability 2/10. The lower part of the panel ontainsthe entry −5.00 whih represents a �xed redution in wealth of 5.00. In total, the lotterydisplayed in Option A must be understood as follows. To determine its outome, �rst, aball is drawn from the ballot box ontaining two balls. If �Up� is realized, this means thatthe outome will be determined as depited in the upper part of the panel. That is, adraw is made from the seond ballot box. Reall that the individual's endowment in thisstage is 20.00. If a ball labeled −3.50 is drawn, the outome of the lottery in Option Awould be 20.00 − 3.50 = 16.50. If a ball labeled 14.00 is drawn, the outome would be
20.00 + 14.00 = 34.00. Now suppose, in the �rst gamble �Down� is drawn. Then the indi-vidual faes a sure redution in wealth of −5.00 and the outome of the lottery in OptionA would be 20.00 − 5.00 = 15.00. The ballot boxes in the sreen shot aim to mimi thereal world ballot boxes used to determine subjets' payo�s that are depited in Figure 4.Now onsider the seond panel in Figure 3, i.e. Option B. Like the �rst panel it is hor-izontally separated and ontains the same two ballot boxes and the same �xed redutionin wealth −5.00. However, for Option B the −5.00 now ours in the upper rather than inthe lower part of the panel. The seond di�erene is that both parts of the panel ontaina bill labeled 1.00. To determine the outome of the lottery in Option B, like in OptionA, �rst a ball is drawn from the �rst ballot box. If �Up� is drawn, a draw is made fromthe seond ballot box. If −3.50 is drawn, the outome of the lottery in Option B would be9



Figure 3: Sample deision sreen in stage PR (task PR3)
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Figure 4: Real world ballot boxes to determine individual payo�s

20.00− 5.00− 3.50 + 1.00 = 19.50. If 14.00 is drawn, the outome of the lottery in OptionB would be 20.00 − 5.00 + 14.00 + 1.00 = 30.00. If in the �rst draw �Down� is drawn, theoutome of the lottery in Option B would be 20.00 + 1.00 = 21.00.Before we explain the deision panel, note that Option A depits a prudent lotteryhoie of type B3 de�ned in Setion 2 and depited in Figure 2. The ballot box ontainingthe �Up� and �Down� balls represents the 50/50 gamble. The seond ballot box ontainingten balls represents the zero-mean risk ǫ̃. Likewise, Option B depits the orrespondingimprudent lottery A3. The bill labeled 1.00 is the downside risk ompensation mPR for theurrent deision. Whether the prudent or imprudent Option is displayed as �Option A�,i.e. in the �rst panel, is randomized for every subjet individually, and so is the assoiationof payo�s with the �up� or �down�-state of the lottery.We now explain how subjets atually indiate their deisions in the deision panel.By liking one of the 20 amounts of the mPR-grid that is displayed in the �rst olumn(�Amount�), the amounts mPR displayed in the �rst panel adjust aordingly. Also thedeision number in the upper left of the sreen will adjust. In Figure 3 the subjet ur-rently has seleted to make her deision for mPR = 1.00, whih is why the orrespondingrow in the deision panel is framed in light green. To deide for Option A or Option B,respetively, she an lik either �A� in the seond olumn of the deision panel or �B� inthe third olumn of the deision panel. The seleted button then turns dark green. Thesubjet an ontinue to make another deision by liking another �xed amount in olumn�Amount� and lik �A� or �B� in the orresponding row. In Figure 3, the subjet hoseOption A for mPR = −2.50, . . . , 0.50, hose Option B for mPR = 0.75 and is about to make11



her hoie for mPR = 1.00. She an also make another hoie by liking another value of
mPR. This way, she an also go bak to a previous deision and hange it. Further, thesubjet is free to answer the questions in a di�erent order as suggested in the sreenshot.After having made all 20 deisions, she an leave the deision sreen by liking the �OK�button. A pop-up window will appear, asking the subjet to on�rm or anel. The subjetis reminded that if she on�rms, her deisions in this task will be �nal.The deision sreens for tasks in stages RA and TE are analogous to the one just ex-plained. A lottery of type A2 or B2 in stage RA is displayed like A3 or B3 in Figure 3,exept that the ballot box representing the zero-mean risk is replaed by the �xed amount
r = −10. Likewise, in stage TE, the �xed amount k = −5 is replaed by another ballotbox with ten balls that represents the other zero-mean risk in the de�nitions of A4 and
B4. See the instrutions in the Appendix B for expliit sreenshots of these stages.3.3 Disussion of experimental method and parameter hoiesIn a theoretial paper, Ebert (2010) analyzes the statistial properties of the proper risk ap-portionment lotteries of Eekhoudt and Shlesinger (2006) and shows that they are mostlydriven by the skewness of the zero-mean risks that have to be apportioned. As a onse-quene, he shows that no binary lottery an apture the essential features of the proper riskapportionment lotteries of 3rd order and higher su�iently well. This is also observed inthe experiment of Ebert and Wiesen (2009) who show that the skewness of the zero-meanrisk indeed in�uenes subjets' deisions signi�antly. Thus we need at least trinomial lot-teries. The temperane lotteries of Eekhoudt and Shlesinger with binary zero-mean risksinvolve up to 5 states. Comparison between two suh lotteries would pose a signi�anthallenge in omprehensiveness to subjets. Thus we use the representation as a om-pound lottery introdued in Ebert and Wiesen (2009) that they also test for experimentalrobustness. This representation also �ts well the intuition of proper risk apportionment(disaggregation of harms aross states of nature, �putting risk in its proper plae�) as de-�ned by Eekhoudt and Shlesinger (2006).Probabilities do not vary within one deision sreen and, generally, the only probabili-ties used are 50/50 and 80/20. Unlike the probabilities, the outomes of the �more risky�option of a lottery pair are varied in our proedure. That it is meaningful to vary outomesrather than probabilities to hange the expeted value of a risky prospet has reently beenshown by Bruner (2009). The probabilities of our lottery pairs are visualized using ballotboxes similar to the ones atually used to determine subjets' payo�s (see Figure 4). Theywere shown to subjets prior to the experiment while explaining the deision sreens.The multiple prie list proedure is one of the most established methods to measureindividual risk attitudes. As already desribed in Subsetion 3.2 the variant applied in ourexperiment onfronts a subjet with an array of ordered pries (here mRA, mPR and mTE)and asks the subjet to make a deision between Option A and Option B for eah prie. Fora detailed disussion of the advantages and drawbaks of this method see Andersen et al.(2006) and Abdellaoui et al. (forthoming). In general, the proedure is very attrativeas it easy to implement and the task involved an be easily aessed by the subjets.Moreover, truthful revelation is in subjets' best interest. However, one frequently raisedonern is that the multiple prie list method is prone to a framing e�et. Subjets might12



be drawn to the middle row of the ordered list irrespetive of their true values. To aountfor this possible e�et we devise a test by shifting the ardinal sale of the multiple prielist as will be explained in Subsetion 3.4. Notie however that our qualitative results areuna�eted by this framing issue.11Our approah is largely inspired by the theoretial paper of Crainih and Eekhoudt(2008). However, the downside risk ompensation mPR they de�ne is added to A3 in the�good� state only, while we de�ne it as being added to both states of the 50/50 gamble.That is, we onsider Ah +mh (h = 2, 3, 4). A ompensation for sure seems to be more om-prehensive for experimental purposes than a ompensation �with probability�. Further,ruial to our approah is that this simpli�es the alibration of the lotteries signi�antlybeause Ah di�ers from Ah + mh only by its mean while all higher entral moments areuna�eted by the size of the ompensation. This allows for a �lean� tradeo� between in-reased mean and 2nd-degree risk, downside risk or outer risk, respetively. Furthermore,this is why we will be able to reasonably ompare the ompensations of various ordersobtained in eah stage. Note that, although the ompensations are added for sure, thereis no experimental ertainty e�et beause both Option A and Option B are always risky.Moreover, our approah is not based on moments. It is, rather, insightful to look at theTable 1: Statistial features of lottery pairs employed in the experimentStage RA Stage PR Stage TEPR1 PR2 PR3 TE1 TE2
E[Bh] − (E[Ah] + m·

h
) 0.00 0.00 0.00 0.00 0.00 0.00

V (Bh) − V (Ah) -50.00 0.00 0.00 0.00 0.00 0.00
Skew(Bh) − Skew(Ah) 0.00 2.16 2.16 2.16 0.00 0.00
Kurt(Bh) − Kurt(Ah) 0.00 0.00 -5.44 5.44 -1.92 -3.00This table shows di�erenes in the �rst four standardized entral moments between thelottery pairs in eah of the six tasks of the experiment. The ompensations m•

i onlyin�uene expetation and thus do not distort higher-order risk features of the lotteries.The risk averse lottery hoie has a smaller variane than the risk-loving lottery hoie.The prudent lottery hoie has a higher skewness than the imprudent hoie but anhave a smaller or higher kurtosis, depending on the skewness of the zero-mean riskthat has to be apportioned. The kurtosis is smaller if and only if the zero-mean risk isleft-skewed. The temperate lottery hoie has a smaller kurtosis.moments of the partiular lotteries employed in our experiment to supplement our intuitionfor the di�erent orders of risk. Table 1 illustrates in what moments the lotteries to testfor di�erent risk orders di�er. For more on higher-order risk preferenes, nth-degree riskand moments see Ekern (1980), Roger (forthoming) and Ebert (2010). The latter papershows that, for prudene and temperane, the intuition provided by onsidering the �rstfour moments only essentially generalizes to more general notions of skewness and kurtosisas de�ned by all odd and even moments, respetively. For example, prudene is shown tobe a preferene for high odd moments (skewness) irrespetive of the even moments (kurto-11Abdellaoui et al. (forthoming) mention three possible drawbaks of the multiple prie list method.One is the framing e�et just explained. The seond drawbak onerns the variation of probabilities whihdoes not apply to our method as we manipulate outomes instead. The remaining third drawbak theymention is that measurement takes plae on an interval sale determined by the prie list. At worst, thisould result in a small loss of auray whih will not a�et qualitative results. Further, we test for ane�et of di�erent sizes of these intervals, see Subsetion 3.4.13



sis). Ebert and Wiesen (2009) observe a signi�ant e�et of kurtosis on prudent deisionbehavior and thus the present experiment omprises three tasks for prudene to respetthat e�et.To failitate omparisons between the ompensations measured in eah task, all lotterypairs are alibrated aording to their moments up to the third order. That is, for equalvalues of the ompensation, the six lotteries with less (more) nth-degree risk have expeta-tion 17.5 (17.5 + m•

i ). Beause we hoose the ompensations to be added for sure, they donot distort higher-order moments of the lotteries. Naturally, the risk averse lotteries di�erby their variane. Independent of the value of mRA, for the lotteries in task RA we have
0.5 (V (B2) + V (A2)) = 31.25. The prudene and temperane lotteries in our experimentare onstruted suh that V (A3) = V (B3) = V (A4) = V (B4) ≈ 31 with an error of lessthan 0.25. Similarly the risk aversion and temperane lotteries have a skewness of approx-imately 0 whih is the average skewness of the six prudene lotteries used in tasks PR1 toPR3. Thus we test for risk aversion, prudene and temperane not only in the same �wealthregion�, but also in the same �risk region� in terms of variane and skewness. Togetherwith the onsistent deision framing as proper risk apportionment in all three stages withthe same type of deision sreen, this should make the ompensations of di�erent order weeliit reasonably omparable.3.4 Robustness tests and fatorial designTo aount for possible disadvantages assoiated with our method to eliit subjets riskpreferenes, like order e�ets and framing, we employ a between subjets 24-fatorial de-sign, i.e. four fators (A, B, C, D) with two levels eah. For all 24 = 16 possible ombina-tions of fator levels 8 subjets make their hoies in the experimental stages (see Table 2).This explains why our experiment was outlined for 16 · 8 = 128 subjets in total in theexperiment. The sequene of sessions (with their partiular fator onstellations) was ran-domized. See Montgomery (2005) for an overview of the fatorial design tehnique.Within our fatorial design we test for order e�ets (fators A and B) that potentiallyan distort results (see Harrison et al. 2005 and Andersen et al. 2006). As shown in Ta-ble 2, Fator A implies that stage TE is either the �rst or last stage a subjet enters andFator B is either �stage RA preedes stage PR� or �stage PR preedes stage RA�. Thuswe onsider four out of six possible stage sequenes: TE-PR-RA, TE-RA-PR, PR-RA-TE,RA-PR-TE. Note that the sequenes of tasks in stages PR and TE is randomized individ-ually.The multiple prie list instrument might suggest a frame that enourages subjets toselet the middle row of the m-list to swith from one lottery to the other, ontrary to theirunframed risk preferenes (Andersen et al. 2006 and Harrison et al. 2007). To aount forthis potential problem we devise a shifted grid (Fator C) in whih the middle row impliesdi�erent risk attitudes. More spei�ally, the levels of Fator C are either a shift in thesale of the m-list (2.00 EUR are added to eah value) or no shift. We also deliberatelyhanged the grid distanes of the m-list in order to detet behavioral in�uenes of gridinrements (Fator D), i.e. we used a �ne and a oarser grid. Fator D onsiders thedistane between two values on the grid being either 0.25 EUR (suh as desribed in theprevious subsetions) or 0.50 EUR. Consequently, depending on the levels for fators C14



Table 2: Fatorial designLevel of Level of Level of Level of Number of subjetsSes. Fator A Fator B Fator C Fator D (female, male)1 TE last PR-RA no Shift Grid 0.50 8 (4,4)2 TE last RA-PR no Shift Grid 0.25 8 (4,4)3 TE last RA-PR no Shift Grid 0.50 8 (4,4)4 TE last PR-RA no Shift Grid 0.25 8 (4,4)5 TE �rst PR-RA Shift Grid 0.50 8 (4,4)6 TE last RA-PR Shift Grid 0.50 8 (4,4)7 TE �rst RA-PR Shift Grid 0.50 7 (4,3)8 TE last RA-PR Shift Grid 0.25 8 (4,4)9 TE �rst RA-PR no Shift Grid 0.25 8 (4,4)10 TE �rst PR-RA no Shift Grid 0.50 8 (4,4)11 TE �rst PR-RA Shift Grid 0.25 8 (4,4)12 TE �rst RA-PR Shift Grid 0.25 8 (4,4)13 TE �rst PR-RA no Shift Grid 0.25 8 (4,4)14 TE last PR-RA Shift Grid 0.50 8 (4,4)15 TE �rst RA-PR no Shift Grid 0.50 8 (4,4)16 TE last PR-RA Shift Grid 0.25 8 (4,4)This table illustrates the run-order of the sixteen sessions we onduted, thefator onstellation for every session and the number of partiipants and theirgender. In every session we olleted responses of 4 men and 4 women, exeptin session 7 where only 3 women (inluding the invited substitutes) showed up.and D the m-list adapts four di�erent ranges: (i) [−2.50, 2.25] and (ii) [−0.50, 4.25] bothwith a gird of 0.25 EUR as well as (iii) [−5.00, 4.50] and (iv) [−3.00, 6.50] with a grid of
0.50 EUR.Gender di�erenes in risk preferenes, i.e. risk aversion, is a well doumented phe-nomenon in the experimental eonomis literature (Croson and Gneezy, 2009). To on-sider possible gender e�ets in the deision tasks of our experiment the number of maleand female partiipants is well balaned for eah session.3.5 Experimental proedureThe experimental sessions were onduted at BonnEonLab in January and February 2010.Overall 127 students from various disiplines, e.g. mathematis, eonomis, law, businessadministration, history and linguistis, partiipated in our 16 experimental sessions. Sub-jets were reruited by the online reruiting system ORSEE (? ?). As already shown inTable 2 the number of male and female partiipants was well balaned in eah session.The experimental sessions lasted for about 1.5 to 2 hours. Subjets earned on average
24.00 EUR.The proedure of the experiment was as follows: Firstly, experimenters extensively in-trodued the deision task and the proedure of the experiment to the subjets. Beforeeah experimental stage started, subjets were asked to answer ontrol questions testingtheir understanding of the deision task. In partiular, they were familiarized with theillustration of lotteries and their outomes as well as probabilities. Only when subjetshad answered the questions orretly they were allowed to proeed to the experimentaldeisions. Then subjets made the deisions in the experimental stages. Fourthly, subjetsanswered the questionnaire omprising demographi questions. For answering the ques-15



tionnaire subjets reeived 4.00 EUR in addition to their earnings from the experiment.Finally, eah subjet's payo� was determined by a random-hoie payment tehnique.As already mentioned, subjets made a series of 120 hoies, eah with substantial mon-etary onsequenes, and �nal payo� are based on just one of these hoies seleted atrandom after all have been ompleted. The random hoie was made by drawing one ardout of a set of ards numbered between 1 and 120 from a ballot box. The randomly drawnhoie ould either be from stage RA, PR or TE. Moreover, the lottery of the randomlyhosen question determined by a subjet's hoie is atually played out. Corresponding tothe question randomly hosen a oupon was alloated to the lottery outome. Afterwardsthe experimenters gave the resulting payo� to the subjets.4 Behavioral resultsIn this setion, we present the results from our experimental sessions. Firstly, we report risktaking behavior on the aggregate for eah risk type. Seondly, we explore the relationshipbetween the di�erent risk types. Thirdly, the robustness of our experimental method isheked and, �nally, we analyze risk taking behavior aross gender.4.1 Premia for di�erent risk typesIn all questions, the vast majority of subjets hose the �less risky option� when ompen-sation was small, and then rossed over to the �more risky option� without ever going bakto the less risky option. Aggregated over six tasks, 85% of individuals swithed one and8% did not swith. For 3% we observe two swithes and in about 4% of responses subjetsswith bak and forth more than two times. This latter fration is slightly lower than re-ported in other multiple prie list experiments to eliit risk preferenes, e.g. Holt and Laury(2002) who report between 5 to 6% of multiple swithes. We inluded subjets in our anal-ysis with one swithing point or no swith at all. Further, we inlude subjets with twoswithing points. We dropped subjets from our analysis who had more than two swithingpoints for more than one out of the six deision sreens. This was the ase for eight outof 127 subjets.In the following, for a given task an individual's response or (demanded) ompensationrefers to the �rst ompensation for whih an individual swithed to the more risky lotteryhoie in that task. For a given stage, a subjet's response or (demanded) ompensationis the average of the subjet's responses to the tasks of that stage. Formally, let m̂RA
idenote individual i's response in stage RA (whih onsisted of one task only). Further,let m̂PR

i := 1
3 (m̂PR1

i + m̂PR2
i + m̂PR3

i ) and m̂TE
i := 1

2 (m̂TE1
i + m̂TE2

i ) denote individual i'saverage response to the three prudene and two temperane tasks, respetively. The or-responding averages over all individuals are denoted by m̂
RA

, m̂
PR and m̂

TE, respetively.These overall averages are depited in Figure 5. We learly observe that subjets demand ahigher ompensation to make the imprudent ompared to the risk loving and intemperatehoie.In partiular, as shown in Table 3 subjets on average demand a higher ompensationto make an imprudent hoie (m̂PR
= 1.6817; s.d. 1.3427) ompared to the risk loving16



Figure 5: Average ompensation by risk type
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= 1.2290; s.d. 1.8012) and the intemperate hoie (m̂TE
= 0.8929, s.d. 1.2175).12This behavioral pattern implies that subjets attah, on average, more weight to third-order risks than to seond-order and fourth-order risks. We also observe this pattern forsubjets' responses per task. Table 3 shows that a higher ompensation is demanded forall three tasks in stage PR ompared to stage RA and the tasks in stage TE. Further,the average ompensation for taking the risk loving hoie is larger than that for the twotemperane items.To test these di�erenes for signi�ane, we �rst ondut a Page-Test for orderedTable 3: Desriptive statistis on subjets' demanded ompensations
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i
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)Mean 1.2290 1.8361 1.6940 1.5192 1.6817 0.9916 0.8098 0.8929s.d. 1.8012 1.7837 1.6142 1.6325 1.3427 1.4287 1.4221 1.2175Median 1.00 2.00 1.50 1.50 1.5 0.5 0.5 0.5
N 119 119 116 117 359 119 117 227This table shows desriptive statistis on demanded ompensations for eah tasks andaverages over tasks for stages PR and TE.alternatives. The null hypothesis is that on average subjet's responses were the same inevery stage and the alternative hypothesis is that they are ordered in a spei� way.13 Wesuppose m̂PR

i ≥ m̂RA
i ≥ m̂TE

i to be the spei� order. The null hypothesis of equality of12Analyzing the medians for mRA
i , m̂PR

i and m̂TE
i learly indiates a tendeny towards risk averse,prudent and temperate behavior, as subjets' responses di�er substantially from the risk neutral hoie,i.e. a demanded ompensation of 0 (or put di�erently, rossing over from the less risky to the more riskyhoie when the expeted value of more risky hoie is larger for the �rst time). The median responsesfor the risk loving, imprudent and intemperate hoie are 1.00, 1.50 and 0.50, respetively. Note thatresponses for all risks di�er signi�antly from the risk neutral hoie (p < 0.0001, Wiloxon signed ranktest, two-sided).13To speify the null hypothesis and its alternative more expliitly, let θ(·) be the population medianof subjets' responses. Then the null hypothesis that the medians are the same may be written as H0 :

θ(m̂RA
i ) = θ(m̂iPR) = θ(m̂TE

i ) and the alternative hypothesis may be written as H0 : θ(m̂TE
i ) ≤ θ(m̂RA

i ) ≤

θ(m̂PR
i ) where at least one of the di�erenes is a strit inequality. That is, the medians are ordered inmagnitude. Notie that, we orreted for ties. 17



responses an be rejeted and, thus, it follows that at least one of the di�erenes is a stritinequality (p = 0.0004, L = 1480, Page-test).14Pairwise omparisons were onduted using a two-sided Wiloxon signed rank (WSR)test and a t-test for paired samples (t). The normality assumption of the t-tests should bewell satis�ed given our sample size. The null hypothesis that the demanded ompensationsfor risk aversion and prudene, m̂RA
i and m̂PR

i , have the same mean, i.e. m̂
RA

= m̂
PR isrejeted (p = 0.0057, t and p = 0.0101, WSR). Likewise, the average demanded ompensa-tion for the imprudent hoie (m̂PR) di�ers signi�antly from the average ompensation forthe intemperate hoie m̂

TE (p = 0.0000, t and WSR). The p-values for the null hypothesisthat the means of the 2nd-degree risk ompensations m̂
RA and the outer risk ompensations

m̂
TE are p = 0.0527 (t) and p = 0.2024 (WSR). As appliation of the stronger t-test seemsjusti�ed, we onlude that there is weak evidene that 2nd-order demanded ompensationsare higher than for outer risk.Result 1. On average, subjets demand signi�antly higher (third-order) downside riskompensations than seond-order and outer risk ompensations. We further �nd weak evi-dene that seond-order ompensations are higher than outer risk ompensations.Result 1 is a major result of this paper. It shows that in a diret omparison, prudenean be relatively more important to subjets than risk aversion. This is meant in thesense that they demand a larger ompensation to take a lottery with more downside riskompared to taking a lottery with more 2nd-degree risk. This shows that generally theimportane of risk preferenes does not derease with their order. Thus the result alsoquestions the extensive fous on risk aversion in the eonomis literature, both theoretialand empirial (experimental), and highlights the importane of prudene. In partiular,the experimental eonomi literature ontains numerous di�erent methods to measure riskaversion, but this paper onstitutes the �rst approah to measure prudene. As shown here,a variane-inreasing 2nd-order risk inrease whih is addressed by risk aversion might notbe the most important one to subjets. A skewness-dereasing downside risk inrease anbe more harmful and this will be re�eted by an individual's preferenes if and only ifprudene is assumed.15The only signi�ant di�erene for average ompensations within stages PR and TE,respetively, is observed for PR1 and PR3 (p = 0.0269, t and p = 0.0561, WSR). Thison�rms that subjets indeed should respond to several prudene tasks as the hoie of thezero-mean risk in�uenes deision behavior (see also Ebert and Wiesen 2009). In partiu-lar, if we had only employed stage PR3 we would not have observed a signi�ant di�erenein ompensations to stage RA (0.1331, t and 0.3013, WSR). The observation that thedownside risk ompensation is smallest for a right-skewed zero-mean risk as employed intask PR3 seems reasonable as suh a risk onstitutes less of a harm to a prudent individ-ual. It an further be shown that in this ase prudene implies hoosing higher kurtosis(as de�ned by all even moments being higher) what might make the prudent option less14Notie that if we assume the ordering m̂RA

i ≥ mPR
i ≥ m̂TE

i the null hypothesis an not be rejeted(p = 0.4364).15Also note that, under EU, 1 is not equivalent to dereasing absolute risk aversion. This is beause ourompensation is not diretly related to Kimball's measure of absolute prudene but to that of Modia andSarsini. 18



attrative to a temperate individual, see Ebert (2010). Further, aording to that paper,a mixed risk averse deision maker should demand higher ompensations for left-skewedzero-mean risk. We �nd some signi�ant support for this in the omparison of PR1 toPR3. Further, the ompensation in PR2 is higher than in PR3, but not signi�antly. Con-traditory to mixed risk aversion is that the ompensation in PR1 is higher than in PR2(but not signi�antly). Let us �nally also note that Maxmin preferenes (e.g. Gilboa 2009,hapter 17) annot explain our behavioral result as the temperane lotteries involve thehighest losses but the orresponding outer risk ompensations are smallest.4.2 Relationship between risk aversion, prudene and temperaneTheoretially, risk aversion, prudene and temperane are omplementary in desribingindividuals' risk attitudes. But what is the relationship empirially? In the following weexplore this question by analyzing eah individual's demanded ompensation for the threedi�erent risk types. Figure 6 shows three satter plots ontrasting individuals' demandedompensation for risk types in a pairwise manner. For all three omparisons the plotssuggest a positive orrelation. Test statistis of a Spearman rank orrelation test on�rmFigure 6: Pairwise omparison of ompensations for di�erent risk types
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PRThe left graph plots jointly the ompensations demanded for prudene (vertial axis) and risk aversion(horizontal axis) by eah of 119 individuals. The entered (right) graph plots the demanded ompensa-tions for temperane and risk aversion (temperane and prudene).this tendeny. There is a signi�ant positive relationship between the seond-order riskompensation m̂RA
i and the downside risk ompensation m̂PR

i (rs = 0.3896, p = 0.0000).Moreover, the orrelation between m̂RA
i and m̂TE

i is also positive (rs = 0.2681) and signi�-ant (p = 0.0032). The strongest positive relationship an be observed between responsesin stage PR (m̂PR
i ) and stage TE (m̂TE

i ), as rs = 0.5805 at a 1% signi�ane level.16 Thissupports the assumption of mixed risk aversion whih is ommon in the eonomi literature.Result 2. Behavioral data evidene a positive relationship between demanded ompensa-tions for seond-order risk, downside risk and outer risk. This implies that risk aversion,prudene and temperane often our jointly (but with di�erent intensity, see Result 1).The highest positive orrelation an be observed between prudene and temperane.16The relationships are qualitatively the same when onsidering ompensations for the tasks in stagesPR and TE separately, i.e. m̂PR1
i , m̂PR2

i , m̂PR3
i and m̂TE1

i , m̂TE2
i .19



4.3 Robustness and fator analysisIn this setion we analyze the fatorial design desribed in Setion 3.4. We test robustnessof our experiment towards stage order e�ets (Fators A and B) and manipulations of theompensations grid. For Fator C the levels are either �the ompensations grid is shiftedby 2.00 EUR� or �the ompensations grid is not shifted�. Depending on Fator D the gridsize was either 0.25 EUR or 0.50 EUR.At �rst we analyze whether subjets' average ompensations over all six tasks, mi :=
1
6(m̂RA

i + m̂PR1
i + m̂PR2

i + m̂PR3
i + m̂TE1

i + m̂TE2
i ), varies for di�erent fator levels. Table 4.3shows desriptive statistis by fator levels and provides p-values of a two-sided Fisher-Pitman permutation test.The order in whih stages our does not signi�antly in�uene subjets' responses(A: p = 0.4126, B: p = 0.1271). However, shifting the sale of the ompensations gridby +2.00 EUR does signi�antly in�uene subjets responses. When there is no shiftompensations are lower than when there is a shift. This di�erene is signi�ant at a1% level (C: p = 0.0077). Although the average responses are slightly larger for a grid of

0.50 EUR on the ompensation sale than for a grid of 0.25 EUR, the hange in grid sizedid not exert a signi�ant in�uene on subjets' deisions (D: p = 0.6104).17Are the same fators still in�uential for subjets' behavior when we distinguish betweenTable 4: Fator analysisFator (level) mi mRA
i

m̂PR
i

m̂TE
iA (TE �rst) Mean 1.4244 1.4831 1.5367 0.7288s.d. 1.1202 1.9208 1.3310 1.2834A (TE last) Mean 1.2579 1.6534 1.8243 1.0542s.d. 1.0834 0.9792 1.3499 1.1367

p 0.4126 0.1311 0.2439 0.1482B (PR-RA) Mean 1.5004 1.1353 1.5731 0.6455s.d. 0.9959 1.9146 1.4049 1.3410B (RA-PR) Mean 1.1911 1.3276 1.7960 1.1530s.d. 1.1802 1.6847 1.2761 1.0206
p 0.1271 0.5742 0.3672 0.0226C (no Shift) Mean 1.0794 0.9713 1.3805 0.6742s.d. 1.0207 1.6552 1.2604 1.2540C (Shift) Mean 1.6180 1.5000 1.9987 1.1228s.d. 1.0207 1.9200 1.3641 1.1439
p 0.0077 0.1126 0.0122 0.0443D (Grid 0.25) Mean 1.3926 1.2629 1.5611 0.8966s.d. 1.2170 1.3990 1.1441 0.9954D (Grid 0.50) Mean 1.2885 1.1967 1.7965 0.8893s.d. 0.9712 2.1258 1.5082 1.4050
p 0.6104 0.8538 0.3437 0.9828This table shows desriptive statistis on ompensations aver-aged over risk types mi and on ompensations per risk typefor eah fator level. Further it shows p-values of a two-sidedFisher-Pitman permutation test for independent samples.responses for individual the stages RA, PR and TE, i.e. m̂RA

i , m̂PR
i and m̂TE

i ? Di�erentlevels of Fators A and D have no signi�ant in�uene on the ompensations for all three17p-values from a parametri t-test for unpaired samples are very similar; i.e. A: p = 0.4425, B: p =
0.1260, C: p = 0.0071 and D: p = 0.6081. 20



risk types. For Fator B the temperane ompensation is signi�antly larger when stageRA preedes PR. Subjets demand a substantially higher ompensation for all types of riskwhen there is a shift in the sale of ompensations (Fator C). This di�erene is signi�antfor m̂PR
i and m̂TE

i . However, for m̂RA
i the di�erene is substantial but not signi�ant(p = 0.11263). To sum up, as is typial for experiments employing a multiple prie listformat, shifts in the ompensations grid an potentially distort measurements suh thatone should ontrol for this e�et.The more important point with respet to the appliation of the fatorial design is thefollowing. The fatorial design introdued a lot of variation into our measurements, butstill we obtain signi�ane for our results. That is, these results are robust towards aveatsof the experimental method.Result 3. The order of stages does not signi�antly in�uene average ompensations. Alsothe grid inrements do not in�uene subjets' hoies. A shift in the ompensations gridin�uenes subjets' behavior for all orders of risk signi�antly. It is important to note thatthe other results of the experiment are signi�ant despite of being hallenged by the fatorialdesign.4.4 Is there a male-female di�erene?Di�erenes between women and men in risk attitudes are well doumented in the experi-mental eonomis literature. Most evidene suggests that women pereive risks as greater,engage in less risky behavior, and hoose alternatives that involve less risk. In their liter-ature reviews Ekel and Grossman (2008 b) and Croson and Gneezy (2009) onlude thatit is a robust �nding from (eonomi) experiments that women are more risk averse thanmen. In this setion we show that this observation also applies to the higher-order riskpreferenes prudene and temperane.Figure 7 illustrates average ompensations for the di�erent types of risk for 58 womenand 61 men. The �nding that a higher ompensation is desired for the imprudent hoiethan for the risk loving and intemperate hoie is robust for both males and females.In line with the literature on gender di�erenes in risk taking behavior we �nd that fe-male (F ) subjets are more risk averse than male (M) subjets. To aept the risk lovinghoie women demand, on average, a higher ompensation than men (m̂RA-F

= 1.5690;
m̂

RA-M
= 0.9057). This di�erene is signi�ant (p = 0.04474, two-sided Fisher-Pitmanpermutation test).18Moreover, our data show that women are both more prudent and temperate thanmen. That is, women demand a higher ompensation for the imprudent (m̂PR-F

= 1.8829;
m̂

PR-M
= 1.4904) and the intemperate hoies (m̂TE-F

= 1.1504; m̂
TE-M

= 0.7350). Bothdi�erenes are signi�ant at a 5% level (p = 0.0448; p = 0.0432). This puts the robust�nding that �men are more risk prone than women� (Croson and Gneezy 2009, p.449) ona broader basis.Result 4. Women not only are more risk averse than men, but also are more prudent andmore temperate.18Notie that we employ a permutation test for paired samples as session averages are ompared bygender. 21



Figure 7: Average ompensation by gender
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TE-M.5 ConlusionIn this paper we propose an experimental method to measure risk aversion, prudene andtemperane at an individual level. Within the sare empirial literature on higher-orderrisk preferenes, this onstitutes the �rst attempt to measure the intensity of risk pref-erenes rather than only their diretion. Further, it is the �rst attempt to ompare theintensity of the preferenes within subjets.The theoretial fundament of our experimental method is the proper risk apportionmentmodel of Eekhoudt and Shlesinger. Within this model we de�ne risk ompensations ofhigher orders and show that they are related to higher-order intensity measures in the spiritof Arrow-Pratt. By de�nition, the ompensations imply a lear tradeo� between mean and
2nd-degree risk (downside risk and outer risk, respetively) for the lottery hoies in theexperiment. Lotteries are alibrated so that these ompensations are omparable not onlybetween but also within subjets.In the experiment we measure these ompensations using a multiple prie list tehnique.The lotteries employed in the experiment are presented as ompound rather than trinomial(quadri- or pentanomial) and math the intuition of proper risk apportionment. The onlyprobabilities used are 50/50 and 80/20. These probabilities are visualized using ballotboxes similar to the ones atually used to determine subjets' payo�s. This experimentaldesign is tested for robustness to typial manipulations using a between subjet fatorialdesign.A major result is that, on average, the downside risk ompensation demanded is sig-ni�antly higher than the seond-order risk ompensation. This highlights the importaneof prudene and questions the extensive fous in the eonomis literature on risk aversion.In partiular, the literature ontains numerous di�erent experimental methods to measurerisk aversion, but this paper onstitutes the �rst approah to measure prudene.Behavioral data imply that the outer risk ompensation is smallest. It is smaller than22



the seond degree ompensation with weak signi�ane and smaller than the downside riskompensation with strong signi�ane. We also observe that the stylized fat that womenare more risk averse than men extends to risks of higher orders. That means, women aresigni�antly more prudent and more temperate than men.Further researh on the measurement of higher-order risk preferenes seems to be de-sirable in order to lose the signi�ant gap to the experimental literature on risk aversion.Given the observation that the intensity of downside risk aversion an be higher than thatfor risk aversion, this seems to be even more justi�ed. Moreover, our method ould �ndappliation in further experiments to test the preditions of numerous theoretial paperson higher-order risk preferenes.ReferenesAbdellaoui, M., A. Driouhi, and O. L'Haridon (forthoming): �Risk AversionEliitation: Reoniling Tratability and Bias Minimization,� Theory and Deision.Andersen, S., G. W. Harrison, M. I. Lau, and E. E. Rutström (2006): �EliitationUsing Multiple Prie List Formats,� Experimental Eonomis, 9, 383�405.Arrow, K. J. (1965): Aspets in the Theory of Risk-bearing, Yrjö Jahnssonin Saeaetioe,Helsinki.Baltussen, G., T. Post, M. J. van den Assem, and P. P. Wakker (2010): �RandomInentive Systems in a Dynami Choie Experiment,� Working Paper, University ofRotterdam.Barr, A. M. and T. G. Pakard (2002): �Revealed Preferene and Self-Insurane:Can We Learn from the Self-Employed in Chile?� World Bank Poliy Researh WorkingPaper No. 2754.Barsky, R. B., M. S. Kimball, F. T. Juster, and M. D. Shapiro (1997): �PrefereneParameters and Behavioral Heterogeneity: An Experimental Approah in the Health andRetirement Study,� Quarterly Journal of Eonomis, 112, 537�579.Beattie, J. and G. Loomes (1997): �The Impat of Inentives upon Risky ChoieExperiments,� Journal of Risk and Unertainty, 14, 155�168.Beker, G., M. DeGroote, and J. Marshak (1964): �Measuring Utility by a Single-Response Sequential Method,� Behavioral Siene, 9, 226�232.Binswanger, H. P. (1980): �Attitudes Towards Risk: Experimental Measurement inRural India,� Amerian Journal of Agriultural Eonomis, 62, 395�407.Brokett, P. L. and L. L. Golden (1987): �A Class of Utility Funtions ContainingAll the Common Utility Funtions,� Management Siene, 33, 955�964.Bruner, D. (2009): �Changing the Probability versus Changing the Reward,� Experimen-tal Eonomis, 12, 367�385. 23



Caballe, J. and A. Pomansky (1996): �Mixed Risk Aversion,� Journal of EonomiTheory, 71, 485�513.Carrol, C. D. (1994): �How does Future Inome A�et Current Consumption?� Quar-terly Journal of Eonomis, 109, 111�147.Carroll, C. D. and M. S. Kimball (2008): �Preautionary Savings and PreautionaryWealth,� in The New Palgrave Ditionary of Eonomis, ed. by S. Durlauf and L. Blume,MaMillan, London.Chiu, H. (2005): �Skewness Preferene, Risk Aversion and the Preedene Relations onStohasti Changes,� Management Siene, 51, 1816�28.Courbagé, C. and B. Rey (2006): �Prudene and Optimal Prevention for Health Risks,�Health Eonomis, 15, 1323�1327.Crainih, D. and L. Eekhoudt (2008): �On the Intensity of Downside Risk Aversion,�Journal of Risk and Unertainty, 36, 267�276.Croson, R. T. A. and U. Gneezy (2009): �Gender Di�erenes in Preferenes,� Journalof Eonomi Literature, 47, 448�474.Cubitt, R., C. Starmer, and R. Sugden (1998): �On the Validity of the RandomLottery Inentive System,� Experimental Eonomis, 1, 115�131.Dek, C. A. and H. Shlesinger (forthoming): �Exploring Higher Order Risk E�ets,�Review of Eonomi Studies.Denuit, M. M. and L. Eekhoudt (forthoming a): �Stronger Measures of Higher-orderRisk Attitudes,� Journal of Eonomi Theory.��� (forthoming b): �A General Index of Absolute Risk Attitude,� Management Si-ene.Dittmar, R. F. (2002): �Nonlinear Priing Kernels, Kurtosis Preferene, and Evidenefrom a Cross Setion of Equity Returns,� Journal of Finane, 57, 369�403.Dohmen, T., A. Falk, D. Huffman, and U. Sunde (forthoming): �Are Risk Aversionand Impatiene Related to Cognitive Ability?� Amerian Eonomi Review.Dynan, K. E. (1993): �How Prudent are Consumers,� Journal of Politial Eonomy, 101,1104�1013.Ebert, S. (2010): �On higher-order Risk Preferenes, Moments and the Diversi�ation ofSkewed Risks,� Working Paper, University of Bonn.Ebert, S. and D. Wiesen (2009): �An Experimental Methodology Testing for Prudeneand Third-order Preferenes,� University of Bonn, Bonn Eon Disussion Papers, No.21/2009.Ekel, C. C. and P. J. Grossman (2008 a): �Di�erenes in the Eonomi Deisionsof Men and Women: Experimental Evidene,� in Handbook of Experimental EonomisResults Vol. 1, ed. by C. Plott and V. Smith, Elsevier, New York, 1061�1073.24



��� (2008 b): �Foreasting Risk Attitudes: An Experimental Study Using Atual andForeast Gamble Choies,� Journal of Eonomi Behavior and Organization, 68, 1�17.Eekhoudt, L. and C. Gollier (2005): �The Impat of Prudene on Optimal Preven-tion,� Eonomi Theory, 26, 989�994.Eekhoudt, L. and H. Shlesinger (2006): �Putting Risk in Its Proper Plae,� Amer-ian Eonomi Review, 96, 280�289.��� (2008): �Changes in Risk and the Demand for Saving,� Journal of Monetary Eo-nomis, 55, 1329�1336.Eekhoudt, L., H. Shlesinger, and I. Tsetlin (2008): �Risk Apportionment andStohasti Dominane,� INSEAD Business Shool Researh Paper No. 2007/45/DS.Ekern, S. (1980): �Inreasing Nth Degree Risk,� Eonomis Letters, 6, 329�333.Esö, P. and L. White (2004): �Preautionary Bidding in Autions,� Eonometria, 72,77�92.Fagart, M. and B. Sinlair-Desagné (2007): �Ranking Contingent Monitoring Sys-tems,� Management Siene, 53, 1501�1509.Fei, W. and H. Shlesinger (2008): �Preautionary Insurane Demand with State-dependent Bakground Risk,� Journal of Risk and Insurane, 75, 1�16.Fishbaher, U. (2007): �Z-tree: Zurih Toolboox for Readymade Eonomi Experi-ments,� Experimental Eonomis, 10, 171�178.Gilboa, I. (2009): Theory of Deision under Unertainty, Eonometri Soiety Mono-graphs ESM 45, Cambridge University Press, New York.Gollier, C. (2001): The Eonomis of Risk and Time, MIT Press, Cambridge (MA).Gomes, F. and A. Mihaelides (2005): �Optimal Life-Cyle Asset Alloation: Under-standing the Empirial Evidene,� Journal of Finane, 60, 869�904.Gonzalez, R. and G. Wu (1999): �On the Shape of the Probability Weighting Funtion,�Cognitive Psyhology, 38, 129�166.Grether, D. M. and C. R. Plott (1979): �Eonomi Theory of Choie and the Pref-erene Reversal Phenomenon,� Amerian Eonomi Review, 69, 623�638.Guiso, L., T. Jappelli, and D. Terlizzese (1996): �Inome Risk, Borrowing Con-straints and Portfolio Choie,� Amerian Eonomi Review, 86, 158�172.Harrison, G. W. (1986): �An Experimental Test for Risk Aversion,� Eonomis Letters,21, 7�11.Harrison, G. W., E. Johnson, M. M. MInnes, and E. E. Rutström (2005): �RiskAversion and Inentive E�ets: Comment,� Amerian Eonomi Review, 95, 897�901.Harrison, G. W., J. A. List, and C. Towe (2007): �Naturally Ourring Preferenes25



and Exogenous Laboratory Experiments: A Case Study of Risk Aversion,� Eonometria,75, 433�458.Harrison, G. W. and E. E. Rutström (2008): �Risk Aversion in the Laboratory,�in Researh in Experimental Eonomis, ed. by G. Harrison and J. Cox, JAI Press,Greenwih (CT).Hey, J. D. and C. D. Orme (1994): �Investigating Generalizations of Expeted UtilityTheory Using Experimental Data,� Eonometria, 62, 1291�1326.Holt, C. A. and S. K. Laury (2002): �Risk Aversion and Inentive E�ets,� AmerianEonomi Review, 92, 1644�1655.Jindapon, P. and W. Neilson (2007): �Higher-order Generalizations of Arrow-Pratt andRoss Risk Aversion: A Comparative Statis Approah,� Journal of Eonomi Theory,136, 719�728.Kimball, M. S. (1990): �Preautionary Savings in the Small and in the Large,� Eono-metria, 58, 53�73.��� (1992): �Preautionary Motives for Holding Assets,� in The New Palgrave Di-tionary of Money and Finane, ed. by P. Newman, M. Milgate, and e. John Eatwell,Stokton Press, New York, 158�161.Laury, S. K. (2005): �Pay One or Pay All: Random Seletion of One Choie for Payment,�Working Paper, Andrew Young Shool of Poliy Studies Researh Paper Series 06-13.LaValle, I. H. (1968): �On Cash Equivalents and Information Evaluation in Deisionsunder Unertainty: Part I: Basi Theory,� Journal of the Amerian Statistial Assoia-tion, 63, 252�276.Leland, H. E. (1968): �Saving and Unertainty: The Preautionary Demand for Saving,�Quarterly Journal of Eoomis, 82, 465�473.Loomes, G. (1988): �Di�erent Experimental Proedures for Obtaining Valuations of RiskyAtions: Impliations for Utility Theory,� Theory and Deision, 25, 1�23.Menezes, C. F., C. Geiss, and J. Tressler (1980): �Inreasing Downside Risk,�Amerian Eonomi Review, 70, 921�932.Menezes, C. F. and X. H. Wang (2005): �Inreasing Outer Risk,� Journal of Mathe-matial Eonomis, 41, 875�886.Modia, S. and M. Sarsini (2005): �A Note on Comparative Downside Risk Aversion,�Journal of Eonomi Theory, 122, 267�271.Montgomery, D. C. (2005): Design and Analysis of Experiments, John Wiley & Sons,New York.Murnighan, J. K., A. Roth, and F. Shoumaker (1988): �Risk Aversion in Bargain-ing: An Experimental Study,� Journal of Risk and Unertainty, 1, 101�24.26



Pratt, J. W. (1964): �Risk Aversion in the Small and in the Large,� Eonometria, 32,122�136.Roger, P. (forthoming): �Mixed Risk Aversion and Preferene for Risk Disaggregation:A Story of Moments,� Theory and Deision.Ross, S. A. (1981): �Some Stronger Measures of Risk Aversion in the Small and in theLarge with Appliations,� Eonometria, 49, 621�663.Rothshild, M. D. and J. E. Stiglitz (1970): �Inreasing Risk: I. A De�nition,�Journal of Eonomi Theory, 2(3), 225�243.Sandmo, A. (1970): �The E�et of Unertainty on Saving Deisions,� Review of EonomiStudies, 37, 353�360.Shubert, R., M. Brown, M. Gysler, and H. W. Brahinger (1999): �FinanialDeision-Making: Are Women Really More Risk-Averse?� Amerian Eonomi Review,89, 381�385.Starmer, C. and R. Sugden (1991): �Does the Random-Lottery Inentive System EliitTrue Preferenes? An Experimental Investigation,� Amerian Eonomi Review, 81,971�78.Tarazona-Gomez, M. (2004): �Are Individuals Prudent? An Experimental ApproahUsing Lottery Choies,� Working Paper, Copenhagen Business Shool.Treih, N. (forthoming): �Risk-aversion and Prudene in Rent-seeking Games,� PubliChoie.Wakker, P. P. and D. Deneffe (1996): �Eliiting von Neumann-Morgenstern Utilitieswhen Probabilities are Distorted or Unknown,� Management Siene, 42, 1131�1150.White, L. (2008): �Prudene in Bargaining: The E�et of Unertainty on BargainingOutomes,� Games Eonomomi Behavior, 62, 211�231.

27



A DerivationsWe �rst show that our lottery preferene B2 over A2 implies risk aversion in the di�er-entiable EU framework, i.e. u′′ < 0. B2 is preferred to A2 by an EU maximizer impliesthat
1

2
u(x − k) +

1

2
u(x − r) >

1

2
u(x − r − k) +

1

2
u(x)

⇐⇒ u(x) − u(x − k) < u(x − r) − U(x − r − k).Now we divide by k and sine the preferene holds for all positive k we an let k go to zeroto obtain
u′(x) < u′(x − r).Sine this holds for all r (and for all x) the latter equation implies that u′(x) is stritlydereasing, i.e. u′′(x) < 0, what we wanted to show. That the preferenes B3 over A3 and

B4 over A4, respetively, are equivalent to prudene and temperane within the di�eren-tiable EU framework is proven by use of similar arguments in Eekhoudt and Shlesinger(2006).We now present the approximations that relate individuals' indies of absolute riskattitude to the ompensations measured in our experiment.19 The 2nd-degree risk om-pensation that makes the individual indi�erent between the risk-loving and risk-averselottery hoie is de�ned as
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u(x − r − k + mRA). (4)We approximate

u(x − k − r + mRA) ≈ u(x − r) + (mRA − k)u′(x − r)

≈ u(x − r) + (mRA − k)
(

u′(x) − ru′′(x)
)so that equation (4) approximately beomes
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E[u(x − k + ǫ̃ + mPR)]. (5)19These approximations are similar to those in Crainih and Eekhoudt (2008) who note that they areà la Arrow-Pratt. 28



We approximate
E[u(x − k + ǫ̃ + mPR)] ≈ u(x − k + mPR) +

1

2
u′′(x − k + mPR)σ2

≈ u(x) + (mPR − k)u′(x) +
σ2

2
(u′′(x) + (mPR − k)u′′′(x))suh that equation (5) approximately beomes
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+
σ2

2

(

u′′(x) + (mPR − k)u′′′(x)
)

⇐⇒ 0 = 2mPRu′(x) +
σ2

2
(mPR − k)u′′′(x)

⇐⇒
u′′′(x)

u′(x)
=

4mPR
σ2(k − mPR) .Finally, for temperane �rst onsider

E[u(x + mTE + ǫ̃1 + ǫ̃2)]whih is approximated as
E[u(x + ǫ̃1 + ǫ̃2)] + mTEE[u′(x + ǫ̃1 + ǫ̃2)]

= E[u(x + ǫ̃1 + ǫ̃2)] + mTE(u′(x) + u′′(x)E[(ǫ̃1 + ǫ̃2)]

= E[u(x + ǫ̃1 + ǫ̃2)] + mTEu′(x)

= E[u(x + ǫ̃1)] +
1

2
E[u′′(x + ǫ̃1)]σ

2
2

= u(x) +
1

2
u′′(x)σ2

1 +
σ2

2

2

(

u′′(x) +
1

2
u(4)(x)σ2

1

)

= u(x) +
1

2
u′′(x)σ2

1 +
1

2
u′′(x)σ2

2 +
1

4
u(4)(x)σ2

1σ2
2Thus we an approximate

E[u(x + ǫ̃1)] + E[u(x + ǫ̃2)] = u(x + mTE) + E[u(x + mTE + ǫ̃1 + ǫ̃2)] (6)as
u(x)+u′′(x)σ2

1+u(x)+u′′(x)σ2
2 = u(x)+mTEu′(x)+u(x)+

1

2
u′′(x)σ2

1+
1

2
u′′(x)σ2

2+
1

4
u(4)(x)σ2

1σ2
2.Colleting terms and rearranging yields

0 = 2mTEu′(x) +
1

4
u(4)(x)σ2

1σ2
2

⇐⇒ mTE = −
u(4)(x)

u′(x)
·

(

1

8
σ2

1σ
2
2

)

.
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B Instrutions[translated from German℄Thank you very muh for partiipating in this deision experiment!General InformationIn the following experiment, you will make a ouple of deisions. Following the instrutionsand depending on your deisions, you an earn money. It is therefore very important thatyou read the instrutions arefully.You will make your deisions anonymously on your omputer sreen in your ubile. Duringthe experiment you are not allowed to talk to the other partiipants. Whenever you have aquestion, please raise your hand. The experimenter will answer your question in private inyour ubile. If you disregard these rules you an be exluded from the experiment. Thenyou reeive no payment.During the experiment all amounts are stated in Euro. At the end of the experiment,your ahieved earnings will be paid to you in ash.Struture of the ExperimentThe experiment an be divided into three stages. All stages are equally relevant for yourpayo�. The three stages omprise deision problems, where risky events play a role. In arisky event it is unsure, whih outome ours.You deide, whih of two risky events you prefer. The form of the risky events will bedesribed when explaining the stages in-depth.Overall you will make 120 individual deisions in the three setions of the experiment.Payo� in the experimentTo determine your payo� of the experiment, one of your 120 deisions from the threesetions will be seleted randomly. This takes plae after you have made all your deisions.For this the experimenter will draw one out of 120 ards, labeled with numbers from 1to 120, from a ballot-box. Every number ours only one in the ballot-box whereby thedraw of a partiular number is equally likely. The outome of the risky event, that youhave hosen will atually be determined afterwards. These random draws will be explainedin-depth when desribing the setions of the experiments.Note that only one of your 120 deisions determines your earnings of the exper-iment and that eah of your 120 deisions an determine your entire earningsof the experiment.Also note that the risky events an omprise negative outomes. You reeive an endowmentin form of a oupon. The oupons are alloated to the outome of the risky event. Heneyour payo� is made up of the two omponentsEndowment and Outome of the hosen risky event .30



After the experiment, the deision relevant for payo� and the outome of the risky eventwill be randomly will be determined for eah partiipant in the seminar room. For thispartiipants will be alled on suessively.Deision situationThe risky events displayed in following �gure desribe the deision situation, you fae inthe three stages of the experiment, in an abstrat way. In deision situation you deidewhih of the two risky events (here: �Option left� and �Option right�) you prefer.�Option left� �Option right�
Both the risky event �Option left� and �Option right� omprise one random draw (Randomdraw 1), that is depited by the balls �Up� and �Down�. Random draw 1 is: With 50%hane you are in state �Up� or with 50% hane in state �Down�.We now look at the risky event �Option left�: If the ball �Up� will be drawn, the outomeis X. X an either be a fixed amount or another random draw (Random draw X). Ifball �Down� is drawn, the outome is Y. Also Y an either be a fixed amount or anotherrandom draw (Random draw Y).In risky event �Option right� X and Y follow, if Ball �Up� is drawn. In addition aAmount(blue bank note) is added to both state �Up� and state �Down�. If ball �Down� is drawn,you reeive the amount indiated on the bank note. If ball �Up� is drawn, X and Y followand the Amount (blue bank note) is added.The Amount on the blue bank note an take the following values

−2.50,−2.25,−2.00, . . . ,−0.25,0.00,0.25, . . . ,2.00,2.25.Hene, for eah of these 20 Amounts follows one deision situation with two risky events.The Amount on the blue bank note is always added to the states �Up� and �Down� ofthat risky event, where both X and Y our in state �Up� (here: �Option right�).Note that, on your deision sreen on the omputer the risky event, where the Amount(blue bank note) is added an either be the right or the left option.First stageIn the �rst stage of the experiment you make 20 deisions. You hoose on one deisionsreen at a time, whih of the two di�erent risky events�Option A or Option B�youprefer.The risky events an omprise negative outomes. For eah deision in the �rst stage you31



reeive an endowment of 25.00. An example of a deision situation in the �rst stage isprovided in the following �gure.

In the example above the Amount (blue bank note) is added to Option B. The size ofthe added Amount an be found in the olumn �Amount� on the right-hand side of thesreen. For eah Amount you deide whether you prefer Option A or Option B.After ativating an Amount in the olumn �Amount� you deide for this Amount byliking on �A� or �B� whether you prefer Option A or Option B. A green frame marks thehosen option. You do not need to stik to a ertain order of your deisions.How is the outome of the risky event (you have hosen) determined in the�rst stage? For Random draw 1 there are two balls in a ballot-box�one with the label�Up� another with the label �Down�. Both balls an be drawn with the same hane.Please look at the example of this stage again!Suppose, this deision has been randomly hosen to determine your payo�. In Option Athe outome is −5.00, if in Random draw 1 the ball �Up� is drawn. If the ball �Down�is drawn the outome is −10.00. Considering your Endowment of 25.00 in Option Aresults �Up� 20.00 and in stage �Down� 15.00.In Option B the outome is −10.00 and −5.00 and 1.00 (Amount on the blue banknote), if in Random draw 1 �Up� is drawn; overall −14.00. If ball �Down� is drawn,the outome is 1.00 (Amount on the blue bank note). Considering your Endowment of
25.00 in Option B results in stage �Up� 11.00 and in stage �Down� 26.00 for your payo�.Seond stageIn the seond stage of the experiment you make 60 deisions. You hoose on three deisionsreens eah with 20 deision situtations, whih of the two di�erent risky events�Option A32



or Option B�you prefer.The outomes of the risky events an be negative. You reeive an Endowment of 20.00.An example of a deision situation in the seond stage is provided in the following �gure.

In the example above the Amount (blue bank note) is added to Option A. The size ofthe added Amount an be found in the olumn �Amount� on the right-hand side of thesreen. For eah Amount you deide whether you prefer Option A or Option B.After ativating an Amount in the olumn �Amount� you deide for this Amount byliking on �A� or �B� whether you prefer Option A or Option B. A green frame marks thehosen option. You do not need to stik to a ertain order of your deisions.How is the outome of the risky event (you have hosen) determined in theseond stage? For Random draw 1 there are two balls in a ballot-box�one with thelabel �Up� another with the label �Down�. Both balls an be drawn with the same hane(analogous to the �rst stage). As shown in the example above, in the seond stage a seondrandom draw (Random draw X) an be neessary to determine your payo�. In Randomdraw X a ball is drawn from a ballot-box ontaining 10 balls. This ball an either bewhite or yellow. Note that, the omposition of white and yellow balls an hange in thethree deision sreens in this stage. This ballot-box always ontains 10 balls and within adeision sreen (for 20 deisions) the omposition of white and yellow balls are idential.Please look at the example of this stage again!Suppose, this deision situation has been randomly hosen to determine your payo�. If inOption A in Random draw 1 the ball �Up� is drawn, the outome is −5.00, Randomdraw X follows and 1.00 (Amount on the blue bank note).
• If in Random draw X a yellow ball is drawn, you lose 3.50. Considering yourEndowment of 20.00 you reeive 12.50 (= 20.00 − 5.00 − 3.50 + 1.00).33



• If in Random draw X a white ball is drawn, you reeive 14.00. Considering yourEndowment you reeive 30.00 (= 20.00 − 5.00 + 14.00 + 1.00).If in Option A in Random Draw 1 �Down� is drawn, the outome is 1.00 (Amounton the blue bank note). Considering your Endowment 21.00 result.If in Option B in Random draw 1 �Up� is drawn, Random draw X follows.
• If in Random draw X a yellow ball is drawn, you lose 3.50. Considering yourEndowment of 20.00 you reeive 16.50.
• If in Random draw X a white ball is drawn, you reeive 14.00. Considering yourEndowment you reeive 34.00.If in Option B in Random draw 1 �Down� is drawn, the outome is −5.00. Consideringyour Endowment 15.00 result.Third stageIn the seond stage of the experiment you make 40 deisions. You hoose on two deisionsreens eah with 20 deision situations, whih of the two di�erent risky events�Option Aor Option B�you prefer.The outomes of the risky events an be negative. You reeive an Endowment of 17.50.An example of a deision situation in the third stage is provided in the following �gure.

In the example above the Amount (blue bank note) is added to Option B. The size ofthe added Amount an be found in the olumn �Amount� on the right-hand side of thesreen. For eah Amount you deide whether you prefer Option A or Option B.34



After ativating an Amount in the olumn �Amount� you deide for this Amount byliking on �A� or �B� whether you prefer Option A or Option B. A green frame marks thehosen option. You do not need to stik to a ertain order of your deisions.How is the outome of the risky event (you have hosen) determined in thethird stage? For Random draw 1 there are two balls in a ballot-box�one with thelabel �Up� another with the label �Down�. Both balls an be drawn with the same hane(analogous to the �rst and seond stage).As shown in the example above, in the seond stage a seond random draw (Randomdraw X) and/or a third random draw (Random draw Y) an be neessary to determineyour payo�.In Random draw X a ball is drawn from a ballot-box ontaining 10 balls. This ballan either be white or yellow. Note that, the omposition of white and yellow balls anhange in the three deision sreens in this stage. This ballot-box always ontains 10 ballsand within a deision sreen (for 20 deisions) the omposition of white and yellow ballsare idential. Analogously, this is true for Random draw Y. Notie that the ompositionof yellow and white balls aross Random draw X and Random draw Y an di�er (seethe example above).Please look at the example of this stage again!Suppose, this deision situation has been randomly hosen to determine your payo�.If in Option A in Random draw 1 the ball �Up� is drawn, Random draw X follows.
• If in Random draw X a yellow ball is drawn, you lose 2.80. Considering yourEndowment of 17.50 you reeive 14.70.
• If in Random draw X a white ball is drawn, you reeive 11.10. Considering yourEndowment you reeive 28.60.If in Random draw 1 the ball �Down� is drawn, Random draw Y follows.
• If in Random draw Y a yellow ball is drawn, you lose 11.10. Considering yourEndowment of 17.50 you reeive 6.40.
• If in Random draw Y a white ball is drawn, you reeive 2.80. Considering yourEndowment you reeive 20.30.If in Option B in Random draw 1 �Up� is drawn Random draw Y and Randomdraw X follow and the Amount of 1.00 (blue bank note) is added.
• If in Random draw X and in Random draw Y a yellow ball is drawn, you lose

2.80 (from Random draw X ) and 11.10 (from Random draw Y). Consideringyour Endowment of 17.50 you reeive 4.60 (= 17.50 − 11.10 − 2.80 + 1.00).
• If in Random draw X and in Random draw Y a white ball is drawn, you reeive

11.10 (from Random draw X) and 2.80 (from Random draw Y). Consideringyour Endowment of 17.50 you reeive 32.40 (= 17.50 + 11.10 + 2.80 + 1.00).35



• If in Random draw X a white ball and in Random draw Y a yellow ball is drawn,you reeive 11.10 (from Random draw X) and you lose 11.10 (from Randomdraw Y). Considering your Endowment you reeive 18.50 (= 17.50 + 11.10 −

11.10 + 1.00).
• If in Random draw X a yellow ball and in Random draw Y a white ball isdrawn, you lose 2.80 (from Random draw X) and you reeive 2.80 (from Randomdraw Y). Considering your Endowment you reeive 18.50 (= 17.50−2.80+2.80+

1.00).If in Option B in Random draw 1 �Down� is drawn, the outome is 1.00 (Amount onthe blue bank note). Considering your Endowment 18.50 result.Before the experiment will start now, please note: You are asked omprehensionquestions before eah stage starts. These questions should familiarize you with the deisiontask in eah stage.After the experiment, you are asked to answer a questionnaire. For answering the ques-tionnaire you reeive independently from your earnings during the experiment ¤ 4.
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