
Ebert, Sebastian; Wiesen, Daniel

Working Paper

Joint measurement of risk aversion, prudence and
temperance

Bonn Econ Discussion Papers, No. 20/2010

Provided in Cooperation with:
Bonn Graduate School of Economics (BGSE), University of Bonn

Suggested Citation: Ebert, Sebastian; Wiesen, Daniel (2010) : Joint measurement of risk aversion,
prudence and temperance, Bonn Econ Discussion Papers, No. 20/2010, University of Bonn, Bonn
Graduate School of Economics (BGSE), Bonn

This Version is available at:
https://hdl.handle.net/10419/71891

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/71891
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


 
 

Bonn Econ Discussion Papers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Bonn Graduate School of Economics 

 Department of Economics 

 University of Bonn 

 Kaiserstrasse 1 
 D-53113 Bonn

 
Discussion Paper 20/2010 

 
Joint measurement of risk aversion, prudence and 

temperance 
 

by 
 

Sebastian Ebert and Daniel Wiesen 
 

November 2010 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Financial support by the 

 Deutsche Forschungsgemeinschaft (DFG) 

 through the 

 Bonn Graduate School of Economics (BGSE) 

 is gratefully acknowledged. 
 

 Deutsche Post World Net is a sponsor of the BGSE. 



Joint measurement of risk aversion, pruden
e andtemperan
e∗Sebastian Ebert† and Daniel Wiesen‡November 16, 2010Abstra
tWe propose a method to measure the intensity of risk aversion, pruden
e (downsiderisk aversion) and temperan
e (outer risk aversion) in experiments. Higher-order risk
ompensations are de�ned within the proper risk apportionment model of Ee
khoudtand S
hlesinger [Ameri
an E
onomi
 Review, 96 (2006) 280℄ that are eli
ited usinga multiple pri
e list format. This approa
h is not based on expe
ted utility the-ory. In our experiment we �nd eviden
e for risk aversion, pruden
e and temperan
e.Women demand higher risk 
ompensations for all orders. The highest 
ompensationis demanded for taking downside risk, not for being (se
ond order) risk-loving. Thishighlights the importan
e of pruden
e when 
onsidering e
onomi
 de
isions under risk.Keywords: De
ision making under risk, laboratory experiment, pruden
e, risk aver-sion, temperan
e, gender di�eren
esJEL 
lassi�
ation: C91, D811 Introdu
tionThe 
on
ept of risk aversion plays a key role in analyzing de
ision making under risk. Anestablished 
hara
terization 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, Roths
hild and Stiglitz (1970) state that a risk averse individual dislikes anymean-preserving spread of the wealth distribution. Within an expe
ted utility (EU) set-ting, these two 
hara
terizations 
oin
ide and are equivalent to the utility fun
tion being
∗We are grateful for valuable 
omments and suggestions by Louis Ee
khoudt, Thomas Gehrig, HarrisS
hlesinger, Reinhard Selten, 
onferen
e parti
ipants of the 2010 GfeW Meeting in Luxembourg, seminarparti
ipants in Bonn, Freiburg and parti
ipants of the SGSS workshop in Bonn in January 2010. Wethank Emanuel Castillio for his programming assistan
e as well as Martin A
ht and Javier San
hez fortheir help 
ondu
ting the experiment. Further, we thank Mi
hael Borrs, Mara Ewers, Stefanie Lehmann,Jan Meise and Gert Pönitzs
h for their parti
ipation in a pilot experiment and their helpful 
ommentson the experiment at that stage. The experiment was �nan
ed through the Geneva Asso
iation Resear
hGrant 2009. Ebert's resear
h is �nan
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hool of E
onomi
s and Wiesen's resear
his �nan
ed by the Konrad-Adenauer-Stiftung e.V.
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on
ave.Risk aversion is not a 
on
ept to des
ribe an individual's risk preferen
es exhaustively. Itis just one pie
e in the puzzle, whi
h needs to be 
omplemented by higher-order risk prefer-en
es. Pruden
e (third-degree risk-aversion) and temperan
e (fourth degree risk aversion)are lesser known traits a�e
ting behavior towards risk. Although Kimball (1990) 
oinedthe term `pruden
e', its impli
ations have been used in assessing a pre
autionary demandfor saving mu
h earlier by Leland (1968) and Sandmo (1970). In parti
ular, they showwithin an EU setting how a risky future in
ome does not guarantee that a 
onsumer in-
reases saving unless the individual exhibited pruden
e. The notion of `temperan
e' wasalso introdu
ed by Kimball (1992). Temperan
e refers to the fa
t that the advent of anunavoidable risk should lead an individual to redu
e the exposure to another risk even ifthe two risks are statisti
ally independent.Re
ently a large theoreti
al literature on the impli
ations of higher-order risk pref-eren
es under EU has emerged. Ee
khoudt and Gollier (2005) analyze the impa
t ofpruden
e on prevention, i.e. the a
tion undertaken to redu
e the probability of an ad-verse e�e
t to o

ur. This also plays an important role in a medi
al de
ision making
ontext (see Courbagé and Rey 2006). Esö and White (2004) show that there 
an bepre
autionary bidding in au
tions when the value of the obje
t is un
ertain and whenbidders are prudent. Likewise, White (2008) analyzes pruden
e in bargaining. Trei
h(forth
oming) shows that pruden
e 
an de
rease rent-seeking e�orts in a symmetri
 
on-test model. Fagart and Sin
lair-Desagné (2007) investigate pruden
e in a prin
ipal agentmodel with appli
ations to monitoring and optimal auditing. Within a standard ma
roe
o-nomi
 
onsumption and labor model, Ee
khoudt and S
hlesinger (2008) analyze the impa
tof pruden
e and temperan
e on poli
y de
isions su
h as 
hanges in the interest rate. Otherexamples are insuran
e demand (e.g., Fei and S
hlesinger 2008) or life-
y
le investmentbehavior (e.g., Gomes and Mi
haelides 2005). By ne
essity this is not a 
omplete list ofappli
ations.Independent of the assumptions of EU, pruden
e and temperan
e also play key roles inaversion to negative skewness and kurtosis, respe
tively. Pruden
e has been shown to beequivalent to aversion to in
reases in downside risk as de�ned by Menezes et al. (1980). Adownside risk in
rease does not 
hange mean and varian
e of a prospe
t, but does de
reaseits skewness. Likewise, an in
rease in outer risk in
reases kurtosis but leaves the �rst threemoments of a distribution un
hanged. Menezes and Wang (2005) show that temperan
eis equivalent to outer risk aversion.More re
ently, both pruden
e and temperan
e have been 
hara
terized outside an EU
ontext by Ee
khoudt and S
hlesinger (2006) as preferen
es over 50/50 lottery pairs. Theirde�nition, whi
h is shown to be equivalent to the ones mentioned, is parti
ularly appeal-ing for experimental purposes. Pruden
e is de�ned as a preferen
e for disaggregating azero-mean risk and a sure redu
tion in wealth a
ross two equally likely states of nature.Analogously, temperan
e is a preferen
e for the disaggregation of two independent zero-mean risks.1On the empiri
al side, there is an extensive literature on the measurement of risk1This de�nition of higher-order risk preferen
es is generalized in Ee
khoudt et al. (2008) as preferen
efor 
ombining good with bad. This de�nition also does not rely on EU.2



aversion in numerous empiri
al settings (e.g. Barsky et al. 1997) as well as in variousexperiments. Fo
using on experiments, almost as large as the number of experimen-tal studies is the diversity in pro
edures. Two well established methods based on bi-nary lottery 
hoi
es are the multiple pri
e list (e.g., S
hubert et al. 1999, Holt and Laury2002, Barr and Pa
kard 2002) and random lottery pairs te
hnique (e.g., Grether and Plott1979, Hey and Orme 1994). An alternative approa
h 
omprises a sele
tion task from anordered set of lotteries (e.g., Binswanger 1980, E
kel and Grossman 2008 a). Anotherprominent method is the Be
ker-DeGroot-Mars
hak au
tion where a 
ertainty equivalentis eli
ited (Be
ker et al. 1964, Harrison 1986, Loomes 1988). Related to the latter methodWakker and Dene�e (1996) propose a 
ertainty equivalent te
hnique with endogenous prob-abilities. In Dohmen et al. (forth
oming) subje
ts de
ide between safe and risky optionsin a variant of the so-
alled swit
h multiple pri
e list te
hnique.2 Another experimentalmethod based on the proper risk apportionment model will be proposed in this paper.In 
ontrast, there are few empiri
al studies on higher-order risk attitudes. Dynan (1993),Carrol (1994) and Carroll and Kimball (2008) tra
e pruden
e indire
tly via the pre
au-tionary savings motive. We are not aware of an empiri
al study intentionally testing fortemperan
e.3Laboratory experiments 
ould be used to investigate pruden
e and temperan
e as wellas the asso
iated theories and behavioral traits in a more 
ontrolled environment. Re-sear
h in this dire
tion has just started. The �rst attempt in this dire
tion was made byTarazona-Gomez (2004) who �nds weak eviden
e for pruden
e. Her experiment relies ona 
ertainty equivalent approa
h involving lotteries with several di�erent out
omes. It isbased on strong assumptions within EU, in parti
ular, a trun
ation of the utility fun
tion.The only other papers testing for pruden
e are De
k and S
hlesinger (forth
oming) andEbert and Wiesen (2009) whi
h test for pruden
e using the lotteries of Ee
khoudt and S
hlesinger(2006). Both papers �nd signi�
ant support for pruden
e (61% and 65% of responses, re-spe
tively). Ebert and Wiesen (2009) motivate and show that the 
hoi
e of the zero-meanrisk 
onsidered in Ee
khoudt and S
hlesinger's proper risk apportionment model signif-i
antly in�uen
es subje
ts' de
isions. De
k and S
hlesinger (forth
oming) also test fortemperan
e and �nd weak eviden
e for intemperate behavior.These studies test for the dire
tion of third- or fourth order risk preferen
es, but do notmeasure their intensity. Subje
ts make several lottery 
hoi
es and inferen
e is made onthe 
ount of prudent (temperate) 
hoi
es. In parti
ular, su
h a design makes it di�
ult to
ompare the relative importan
e of pruden
e or temperan
e 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, pruden
e and temperan
e. Se
ondly, this is done jointly so that we
an 
ompare their relative importan
e for a given individual. The approa
h is not basedon EU. We de�ne higher-order risk 
ompensations within the proper risk apportionmentmodel of Ee
khoudt and S
hlesinger. More spe
i�
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 toeli
it risk aversion.3Dittmar (2002) presents weak eviden
e for kurtosis aversion in asset returns. Also results in Guiso et al.(1996) from an Italian household survey on pension-investment de
isions 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 expe
ted wealth. The lotteries in theexperiment are 
alibrated su
h that 
ompensations for di�erent degrees of risk are 
om-parable. We also show how these 
ompensations are related to indi
es of higher-order riskattitudes de�ned in the literature just re
ently (Modi
a and S
arsini Modi
a and S
arsini,Jindapon and Neilson 2007 and Denuit and Ee
khoudt forth
oming b).Our experimental method is a 
ombination of the 
ompound lottery display introdu
edin Ebert and Wiesen (2009) and a multiple pri
e list te
hnique whi
h is popular from theHolt and Laury (2002) experiment. A within-subje
t design is applied to measure risk
ompensations of di�erent orders. This design in turn is embedded in a between-subje
tfa
torial design used to test our approa
h for robustness to typi
al manipulations of theexperimental setup.We �nd substantial eviden
e for risk aversion, pruden
e and temperan
e. Most interest-ingly, in our experiment subje
ts demand a signi�
antly higher downside risk 
ompensation
ompared to the 2nd-order risk 
ompensation. This highlights the importan
e of pruden
eand likewise questions the ex
essive fo
us on risk aversion in the e
onomi
s literature, boththeoreti
al and empiri
al. In parti
ular, the literature 
ontains numerous di�erent exper-imental methods to measure risk aversion, but this paper 
onstitutes the �rst approa
hto measure pruden
e. The outer risk 
ompensation is smallest and signi�
antly di�erentfrom both the downside and se
ond-order risk 
ompensations. However, it is still signi�-
antly positive whi
h indi
ates that most subje
ts are temperate, 
ontrary to the tenden
yobserved in De
k and S
hlesinger (forth
oming). For a given subje
t, we �nd a positive
orrelation between 
ompensations demanded, in parti
ular for pruden
e and temperan
e.Thus, given the assumption of EU, our experiment supports the assumption of mixed riskaversion (Caballe and Pomansky 1996) whi
h is exhibited by all the 
ommonly used utilityfun
tions (Bro
kett and Golden 1987).Moreover, we 
ontrolled the number of male and female parti
ipants in order to 
he
kfor possible gender di�eren
es. Di�eren
es between women and men in risk attitudes arewell do
umented in the experimental e
onomi
s literature. Most eviden
e suggests thatwomen per
eive risks as greater, engage in less risky behavior, and 
hoose alternativesthat involve less risk, see E
kel 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 Se
tion 2 we review the proper risk appor-tionment model and de�ne risk 
ompensations of higher-orders. In Se
tion 3 we explainour experimental approa
h to eli
it these 
ompensations. In Se
tion 4 we give the resultsof the experiment and in Se
tion 5 we 
on
lude.2 Proper risk apportionment approa
h to eli
it demandedhigher-order risk 
ompensationsWithin the expe
ted utility (EU) framework, assuming di�erentiability of a utility fun
tion
u, risk aversion, pruden
e and temperan
e are de�ned as u′′ < 0, u′′′ > 0 and u(4) < 0, re-4



spe
tively. However, our experimental methodology is not based on EU but on the properrisk apportionment model of Ee
khoudt and S
hlesinger (2006). Therefore, risk aversion,pruden
e and temperan
e are de�ned as a preferen
e 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 subje
t's endowment and
−r and −k denote sure redu
tions in wealth. To imagine apruden
e lottery pair (A3, B3), simply repla
e the −r witha zero-mean risk ǫ̃1. To imagine a temperan
e lottery pair
(A4, B4), additionally repla
e −k with a se
ond independentzero-mean risk ǫ̃2.unavoidable losses −r and −k a
ross states of nature. This preferen
e is equivalent underEU to u′′ < 0, as shown in Appendix A.4 The preferen
e is also equivalent to a preferen
efor de
reases in risk in the sense of Roths
hild and Stiglitz (1970).In order to de�ne pruden
e (3rd-degree risk aversion, downside risk aversion), the sureredu
tion in wealth −r in the de�nition for risk aversion (also illustrated in Figure 1) isrepla
ed 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 redu
tions −kand zero-mean risks ǫ̃. That is, a prudent individual prefers to disaggregate an unavoidablerisk and a loss a
ross di�erent states of nature. Equivalently, an unavoidable risk is pre-ferred when wealth is higher. Ee
khoudt and S
hlesinger (2006) show that this preferen
eis equivalent to u′′′ > 0 in EU or to a preferen
e for de
reases in downside risk as de�nedby Menezes et al. (1980).Finally, temperan
e (4th-degree risk aversion, outer risk aversion) is de�ned as a prefer-en
e of B4 = [x+ ǫ̃1, x+ ǫ̃2] over A4 = [x, x + ǫ̃1 + ǫ̃2] where ǫ̃1 and ǫ̃2 are two independentzero-mean risks. Under EU, this preferen
e is equivalent to u(4) < 0 and it is also equiva-lent to a preferen
e for de
reases in outer risk as de�ned by Menezes and Wang (2005).Ee
khoudt and S
hlesinger (2006) de�ne a nesting pro
ess to 
onstru
t lotteries Bn and
An from the lotteries Bn−2 and An−2. Then they show that the preferen
e Bn over Anis equivalent to (−1)(n)u(n) < 0 under EU whi
h was labeled nth-degree risk aversion byEkern (1980). An individual might be, for example, risk-loving and prudent (imprudent)4Ee
khoudt and S
hlesinger (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 be
ause a 
ertainty e�e
t 
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 fun
tion is in
reasing with derivatives of alternating sign. Itis interesting to note that all the 
ommonly used utility fun
tions imply mixed risk aver-sion, see Bro
kett 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 de
ision 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 eli
it 
ompensations for nth-degree risk aversion for n = 2, 3, 4,i.e. a (2nd-degree) risk 
ompensation mRA, a downside risk (impruden
e) 
ompensation
mPR and an outer risk (intemperan
e) 
ompensation mTE. For example, in the 
ase ofrisk aversion, for every individual we aim to eli
it 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 De
k and S
hlesinger(forth
oming) and Ebert and Wiesen (2009) we thus obtain a measure of the intensity ofthe risk attitude rather than only a test of preferen
e dire
tion.Before explaining the pro
edure to implement our higher-order risk 
ompensation ap-proa
h to measure higher-order risk preferen
es in a laboratory experiment, it is interest-ing to relate it to the very re
ent theoreti
al literature on higher-order intensity measures.Generally, this literature is 
on
erned with generalizing the measures introdu
ed in Arrow(1965), Pratt (1964) and Ross (1981) to higher orders. Thus the following interpretationsare subje
t to the EU paradigm. However, keep in mind that our approa
h is based on theproper risk apportionment model of Ee
khoudt and S
hlesinger whi
h does not rely on EUand, in parti
ular, 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 pre
aution-ary savings. Chiu (2005) gave a 
hoi
e-theoreti
 foundation of this measure parallel-ing that of Arrow and Pratt being generalized to nth order by Denuit and Ee
khoudt(forth
oming a). Modi
a and S
arsini (2005) show that u′′′

u′ is a natural extension of theRoss measure of stronger risk aversion and suggest that it is also lo
ally a good measurefor the intensity of downside risk aversion. In parti
ular, the di�eren
e in 
ompensa-tions of random variables with equal mean and varian
e 
an approximately be written asthe produ
t of u′′′

u′ and the di�eren
e in their third moments. This holds lo
ally at anywealth level x. Jindapon and Neilson (2007) and Denuit and Ee
khoudt (forth
oming b)generalize their results and 
on
lude that (−1)n+1 u(n)

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

u′ is an appropriate measure for kurtosisaversion. Craini
h and Ee
khoudt (2008) more spe
i�
ally 
onsider a 
ompensation forEe
khoudt and S
hlesinger's pruden
e lotteries and relate it to u′′′

u′ . In derivations similar5Many di�erent forms of 
ompensations are possible. For example, the (se
ond-order) risk premiumde�ned in Ross (1981) in our setting 
orresponds to a 
ompensation subtra
ted from B2 for sure. We 
hosethe 
ompensation we think is most 
onvenient for experimentation, see se
tion 3.3 for a dis
ussion. 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 varian
es of the zero-mean risks.Ea
h intensity measure is in
reasing in the 
orresponding 
ompensation m•. If we furtherassume that mRAr and mPRσ2 are small 
ompared to rk and σ2k, respe
tively, we 
an addsome more interpretation. The di�eren
e in varian
e of the risk aversion lotteries is −rk,the di�eren
e in the unstandardized 
entral third moment of the pruden
e lotteries is
0.75σ2k and the di�eren
e in the unstandardized 
entral fourth moment is −1.5σ2

1σ2
2 .
6Thus in this 
ase ea
h 
ompensation of order n that we measure is proportional to the
orresponding intensity measure of order n and to the di�eren
e in moments of order n.3 Experimental design and pro
edureIn this se
tion we �rst present the general set up of the experiment. Then we des
ribethe de
ision situation in-depth. We further dis
uss our experimental methodology and the
hoi
e of parameters. Finally, we des
ribe the experimental pro
edure.3.1 General designIn our experiment, we present subje
ts with a menu of pairwise lottery 
hoi
es that per-mits us to identify subje
ts' degree of risk aversion, pruden
e and temperan
e. Therebywe extend the methodology of De
k and S
hlesinger (forth
oming) and Ebert and Wiesen(2009) who test for higher-order risk attitudes in a yes-or-no fashion. Further, be
ausewe use a within-subje
t 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 importan
e tosubje
ts. The main idea of the method is to 
ombine a multiple pri
e list format7 with theballot box representation of 
ompound lotteries introdu
ed in Ebert and Wiesen (2009).Overall subje
ts make 120 de
isions. After the experiment one de
ision is randomlysele
ted to determine that subje
t's payo�.8 The 120 de
isions divide into 20 de
isions6Be
ause 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 Introdu
tion prominent examples of studies employing a multiplepri
e list method to eli
it risk attitudes are Murnighan et al. (1988) and Gonzalez and Wu (1999).8It has be
ome in
reasingly 
ommon in e
onomi
s experiments to eli
it a series of 
hoi
es from parti
-ipants and then to pay for only one sele
ted at random; see Baltussen et al. (2010) for a �ne overview.The random 
hoi
e payment te
hnique enables the resear
her to observe a large number of individualde
isions for a given resear
h budget. However, the important question arises whether subje
ts behaveas if ea
h of these 
hoi
es involves the stated payo�s. This issue has been analyzed, among various othersetups, in experiments with pairwise lottery 
hoi
e problems similar to our experiment. For example,Starmer and Sugden (1991) found 
lear eviden
e that under random payment subje
ts isolate 
hoi
es as ifpaid for ea
h task. Similar eviden
e was reported by Beattie and Loomes (1997) and Cubitt et al. (1998).In a lottery experiment with a multiple pri
e list format Laury (2005) reports no signi�
ant di�eren
e in
hoi
es between paying for 1 or all 10 de
ision. 7



on ea
h out of 6 di�erent de
ision s
reens. One s
reen is for risk aversion (stage RA),three s
reens are for pruden
e (stage PR, tasks PR1, PR2, PR3) and two s
reens are fortemperan
e (stage TE, tasks TE1, TE2). On ea
h s
reen, subje
ts make 20 
hoi
es over alottery pair as introdu
ed in Se
tion 2, where ea
h de
ision is for a di�erent value of the
ompensation. For example, in stage RA subje
ts de
ide 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 s
hemati
ally illustrates the lottery pairs used in the stages of the experiment.Be
ause out
omes of lotteries 
ould be negative subje
ts re
eived 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 in
luding the 
ompensations. Forrisk aversion we measure one 
ompensation mRA, for pruden
e temperan
e we measure three
ompensations mPR1, mPR2 and mPR3 and for temperan
e we measure two 
ompensations mTE1and mTE2.de
ision. Endowments vary a
ross 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 subje
ts de
ision s
reens9Noti
e that all monetary values in the experiment are indi
ated in EUR.10In Subse
tion 3.4 we explain how we test for robustness to variations of the 
ompensations grid andto sequen
ing e�e
ts. 8



and, additionally, subje
ts are handed 
oupons illustrating the endowment right beforeea
h stage is started.3.2 De
ision s
reensWe use a 
omputerized experiment programmed with z-Tree (Fis
hba
her 2007) to makeuse of appropriate randomization te
hniques explained later. While it is somewhat 
um-bersome to explain the de
ision s
reen in writing, it is 
onveniently explained to subje
tsin a presentation prior to the experiment. In the following we will des
ribe the de
isionsituation 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 de
ision 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 de
ision is displayed(`De
ision 35'). Below follows a statement indi
ating subje
ts' endowment whi
h is 
on-stant for all de
isions in that stage. By 
li
king the �OK� button on the lower right 
ornerthe subje
t 
an leave the de
ision s
reen if all 20 de
isions have been made. Otherwise thesubje
t is reminded through a pop-up window that she �rst has to 
omplete all 20 de
isionson that s
reen. The rest of the s
reen is divided into three panels that are displayed indarker greys than the ba
kground. From left to right, the �rst panel displays one possiblelottery 
hoi
e (Option A), the se
ond displays the alternative lottery 
hoi
e (Option B)and the far right, dark grey panel is the �de
ision 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�, respe
tively. Note that the panel itself is horizontally separated.The upper part 
ontains a se
ond 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 whi
h represents a �xed redu
tion in wealth of 5.00. In total, the lotterydisplayed in Option A must be understood as follows. To determine its out
ome, �rst, aball is drawn from the ballot box 
ontaining two balls. If �Up� is realized, this means thatthe out
ome will be determined as depi
ted in the upper part of the panel. That is, adraw is made from the se
ond ballot box. Re
all that the individual's endowment in thisstage is 20.00. If a ball labeled −3.50 is drawn, the out
ome of the lottery in Option Awould be 20.00 − 3.50 = 16.50. If a ball labeled 14.00 is drawn, the out
ome would be
20.00 + 14.00 = 34.00. Now suppose, in the �rst gamble �Down� is drawn. Then the indi-vidual fa
es a sure redu
tion in wealth of −5.00 and the out
ome of the lottery in OptionA would be 20.00 − 5.00 = 15.00. The ballot boxes in the s
reen shot aim to mimi
 thereal world ballot boxes used to determine subje
ts' payo�s that are depi
ted in Figure 4.Now 
onsider the se
ond 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 redu
tionin wealth −5.00. However, for Option B the −5.00 now o

urs in the upper rather than inthe lower part of the panel. The se
ond di�eren
e is that both parts of the panel 
ontaina bill labeled 1.00. To determine the out
ome 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 se
ond ballot box. If −3.50 is drawn, the out
ome of the lottery in Option B would be9



Figure 3: Sample de
ision s
reen 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 out
ome 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, theout
ome of the lottery in Option B would be 20.00 + 1.00 = 21.00.Before we explain the de
ision panel, note that Option A depi
ts a prudent lottery
hoi
e of type B3 de�ned in Se
tion 2 and depi
ted in Figure 2. The ballot box 
ontainingthe �Up� and �Down� balls represents the 50/50 gamble. The se
ond ballot box 
ontainingten balls represents the zero-mean risk ǫ̃. Likewise, Option B depi
ts the 
orrespondingimprudent lottery A3. The bill labeled 1.00 is the downside risk 
ompensation mPR for the
urrent de
ision. Whether the prudent or imprudent Option is displayed as �Option A�,i.e. in the �rst panel, is randomized for every subje
t individually, and so is the asso
iationof payo�s with the �up� or �down�-state of the lottery.We now explain how subje
ts a
tually indi
ate their de
isions in the de
ision panel.By 
li
king 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 a

ordingly. Also thede
ision number in the upper left of the s
reen will adjust. In Figure 3 the subje
t 
ur-rently has sele
ted to make her de
ision for mPR = 1.00, whi
h is why the 
orrespondingrow in the de
ision panel is framed in light green. To de
ide for Option A or Option B,respe
tively, she 
an 
li
k either �A� in the se
ond 
olumn of the de
ision panel or �B� inthe third 
olumn of the de
ision panel. The sele
ted button then turns dark green. Thesubje
t 
an 
ontinue to make another de
ision by 
li
king another �xed amount in 
olumn�Amount� and 
li
k �A� or �B� in the 
orresponding row. In Figure 3, the subje
t 
hoseOption A for mPR = −2.50, . . . , 0.50, 
hose Option B for mPR = 0.75 and is about to make11



her 
hoi
e for mPR = 1.00. She 
an also make another 
hoi
e by 
li
king another value of
mPR. This way, she 
an also go ba
k to a previous de
ision and 
hange it. Further, thesubje
t is free to answer the questions in a di�erent order as suggested in the s
reenshot.After having made all 20 de
isions, she 
an leave the de
ision s
reen by 
li
king the �OK�button. A pop-up window will appear, asking the subje
t to 
on�rm or 
an
el. The subje
tis reminded that if she 
on�rms, her de
isions in this task will be �nal.The de
ision s
reens 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,ex
ept that the ballot box representing the zero-mean risk is repla
ed by the �xed amount
r = −10. Likewise, in stage TE, the �xed amount k = −5 is repla
ed by another ballotbox with ten balls that represents the other zero-mean risk in the de�nitions of A4 and
B4. See the instru
tions in the Appendix B for expli
it s
reenshots of these stages.3.3 Dis
ussion of experimental method and parameter 
hoi
esIn a theoreti
al paper, Ebert (2010) analyzes the statisti
al properties of the proper risk ap-portionment lotteries of Ee
khoudt and S
hlesinger (2006) and shows that they are mostlydriven by the skewness of the zero-mean risks that have to be apportioned. As a 
onse-quen
e, 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�uen
es subje
ts' de
isions signi�
antly. Thus we need at least trinomial lot-teries. The temperan
e lotteries of Ee
khoudt and S
hlesinger with binary zero-mean risksinvolve up to 5 states. Comparison between two su
h lotteries would pose a signi�
ant
hallenge in 
omprehensiveness to subje
ts. Thus we use the representation as a 
om-pound lottery introdu
ed 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 a
ross states of nature, �putting risk in its proper pla
e�) as de-�ned by Ee
khoudt and S
hlesinger (2006).Probabilities do not vary within one de
ision s
reen and, generally, the only probabili-ties used are 50/50 and 80/20. Unlike the probabilities, the out
omes of the �more risky�option of a lottery pair are varied in our pro
edure. That it is meaningful to vary out
omesrather than probabilities to 
hange the expe
ted value of a risky prospe
t has re
ently beenshown by Bruner (2009). The probabilities of our lottery pairs are visualized using ballotboxes similar to the ones a
tually used to determine subje
ts' payo�s (see Figure 4). Theywere shown to subje
ts prior to the experiment while explaining the de
ision s
reens.The multiple pri
e list pro
edure is one of the most established methods to measureindividual risk attitudes. As already des
ribed in Subse
tion 3.2 the variant applied in ourexperiment 
onfronts a subje
t with an array of ordered pri
es (here mRA, mPR and mTE)and asks the subje
t to make a de
ision between Option A and Option B for ea
h pri
e. Fora detailed dis
ussion of the advantages and drawba
ks of this method see Andersen et al.(2006) and Abdellaoui et al. (forth
oming). In general, the pro
edure is very attra
tiveas it easy to implement and the task involved 
an be easily a

essed by the subje
ts.Moreover, truthful revelation is in subje
ts' best interest. However, one frequently raised
on
ern is that the multiple pri
e list method is prone to a framing e�e
t. Subje
ts might12



be drawn to the middle row of the ordered list irrespe
tive of their true values. To a

ountfor this possible e�e
t we devise a test by shifting the 
ardinal s
ale of the multiple pri
elist as will be explained in Subse
tion 3.4. Noti
e however that our qualitative results areuna�e
ted by this framing issue.11Our approa
h is largely inspired by the theoreti
al paper of Craini
h and Ee
khoudt(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,
ru
ial to our approa
h is that this simpli�es the 
alibration of the lotteries signi�
antlybe
ause Ah di�ers from Ah + mh only by its mean while all higher 
entral moments areuna�e
ted 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, respe
tively. Furthermore,this is why we will be able to reasonably 
ompare the 
ompensations of various ordersobtained in ea
h stage. Note that, although the 
ompensations are added for sure, thereis no experimental 
ertainty e�e
t be
ause both Option A and Option B are always risky.Moreover, our approa
h is not based on moments. It is, rather, insightful to look at theTable 1: Statisti
al 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�eren
es in the �rst four standardized 
entral moments between thelottery pairs in ea
h of the six tasks of the experiment. The 
ompensations m•

i onlyin�uen
e expe
tation and thus do not distort higher-order risk features of the lotteries.The risk averse lottery 
hoi
e has a smaller varian
e than the risk-loving lottery 
hoi
e.The prudent lottery 
hoi
e has a higher skewness than the imprudent 
hoi
e 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 
hoi
e has a smaller kurtosis.moments of the parti
ular 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 preferen
es, nth-degree riskand moments see Ekern (1980), Roger (forth
oming) and Ebert (2010). The latter papershows that, for pruden
e and temperan
e, 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, respe
tively. For example, pruden
e is shown tobe a preferen
e for high odd moments (skewness) irrespe
tive of the even moments (kurto-11Abdellaoui et al. (forth
oming) mention three possible drawba
ks of the multiple pri
e list method.One is the framing e�e
t just explained. The se
ond drawba
k 
on
erns the variation of probabilities whi
hdoes not apply to our method as we manipulate out
omes instead. The remaining third drawba
k theymention is that measurement takes pla
e on an interval s
ale determined by the pri
e list. At worst, this
ould result in a small loss of a

ura
y whi
h will not a�e
t qualitative results. Further, we test for ane�e
t of di�erent sizes of these intervals, see Subse
tion 3.4.13



sis). Ebert and Wiesen (2009) observe a signi�
ant e�e
t of kurtosis on prudent de
isionbehavior and thus the present experiment 
omprises three tasks for pruden
e to respe
tthat e�e
t.To fa
ilitate 
omparisons between the 
ompensations measured in ea
h task, all lotterypairs are 
alibrated a

ording 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 expe
ta-tion 17.5 (17.5 + m•

i ). Be
ause 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 varian
e. Independent of the value of mRA, for the lotteries in task RA we have
0.5 (V (B2) + V (A2)) = 31.25. The pruden
e and temperan
e lotteries in our experimentare 
onstru
ted su
h that V (A3) = V (B3) = V (A4) = V (B4) ≈ 31 with an error of lessthan 0.25. Similarly the risk aversion and temperan
e lotteries have a skewness of approx-imately 0 whi
h is the average skewness of the six pruden
e lotteries used in tasks PR1 toPR3. Thus we test for risk aversion, pruden
e and temperan
e not only in the same �wealthregion�, but also in the same �risk region� in terms of varian
e and skewness. Togetherwith the 
onsistent de
ision framing as proper risk apportionment in all three stages withthe same type of de
ision s
reen, this should make the 
ompensations of di�erent order weeli
it reasonably 
omparable.3.4 Robustness tests and fa
torial designTo a

ount for possible disadvantages asso
iated with our method to eli
it subje
ts riskpreferen
es, like order e�e
ts and framing, we employ a between subje
ts 24-fa
torial de-sign, i.e. four fa
tors (A, B, C, D) with two levels ea
h. For all 24 = 16 possible 
ombina-tions of fa
tor levels 8 subje
ts make their 
hoi
es in the experimental stages (see Table 2).This explains why our experiment was outlined for 16 · 8 = 128 subje
ts in total in theexperiment. The sequen
e of sessions (with their parti
ular fa
tor 
onstellations) was ran-domized. See Montgomery (2005) for an overview of the fa
torial design te
hnique.Within our fa
torial design we test for order e�e
ts (fa
tors A and B) that potentially
an distort results (see Harrison et al. 2005 and Andersen et al. 2006). As shown in Ta-ble 2, Fa
tor A implies that stage TE is either the �rst or last stage a subje
t enters andFa
tor B is either �stage RA pre
edes stage PR� or �stage PR pre
edes stage RA�. Thuswe 
onsider four out of six possible stage sequen
es: TE-PR-RA, TE-RA-PR, PR-RA-TE,RA-PR-TE. Note that the sequen
es of tasks in stages PR and TE is randomized individ-ually.The multiple pri
e list instrument might suggest a frame that en
ourages subje
ts tosele
t the middle row of the m-list to swit
h from one lottery to the other, 
ontrary to theirunframed risk preferen
es (Andersen et al. 2006 and Harrison et al. 2007). To a

ount forthis potential problem we devise a shifted grid (Fa
tor C) in whi
h the middle row impliesdi�erent risk attitudes. More spe
i�
ally, the levels of Fa
tor C are either a shift in thes
ale of the m-list (2.00 EUR are added to ea
h value) or no shift. We also deliberately
hanged the grid distan
es of the m-list in order to dete
t behavioral in�uen
es of gridin
rements (Fa
tor D), i.e. we used a �ne and a 
oarser grid. Fa
tor D 
onsiders thedistan
e between two values on the grid being either 0.25 EUR (su
h as des
ribed in theprevious subse
tions) or 0.50 EUR. Consequently, depending on the levels for fa
tors C14



Table 2: Fa
torial designLevel of Level of Level of Level of Number of subje
tsSes. Fa
tor A Fa
tor B Fa
tor C Fa
tor 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 
ondu
ted, thefa
tor 
onstellation for every session and the number of parti
ipants and theirgender. In every session we 
olle
ted responses of 4 men and 4 women, ex
eptin session 7 where only 3 women (in
luding 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�eren
es in risk preferen
es, i.e. risk aversion, is a well do
umented phe-nomenon in the experimental e
onomi
s literature (Croson and Gneezy, 2009). To 
on-sider possible gender e�e
ts in the de
ision tasks of our experiment the number of maleand female parti
ipants is well balan
ed for ea
h session.3.5 Experimental pro
edureThe experimental sessions were 
ondu
ted at BonnE
onLab in January and February 2010.Overall 127 students from various dis
iplines, e.g. mathemati
s, e
onomi
s, law, businessadministration, history and linguisti
s, parti
ipated in our 16 experimental sessions. Sub-je
ts were re
ruited by the online re
ruiting system ORSEE (? ?). As already shown inTable 2 the number of male and female parti
ipants was well balan
ed in ea
h session.The experimental sessions lasted for about 1.5 to 2 hours. Subje
ts earned on average
24.00 EUR.The pro
edure of the experiment was as follows: Firstly, experimenters extensively in-trodu
ed the de
ision task and the pro
edure of the experiment to the subje
ts. Beforeea
h experimental stage started, subje
ts were asked to answer 
ontrol questions testingtheir understanding of the de
ision task. In parti
ular, they were familiarized with theillustration of lotteries and their out
omes as well as probabilities. Only when subje
tshad answered the questions 
orre
tly they were allowed to pro
eed to the experimentalde
isions. Then subje
ts made the de
isions in the experimental stages. Fourthly, subje
tsanswered the questionnaire 
omprising demographi
 questions. For answering the ques-15



tionnaire subje
ts re
eived 4.00 EUR in addition to their earnings from the experiment.Finally, ea
h subje
t's payo� was determined by a random-
hoi
e payment te
hnique.As already mentioned, subje
ts made a series of 120 
hoi
es, ea
h with substantial mon-etary 
onsequen
es, and �nal payo� are based on just one of these 
hoi
es sele
ted atrandom after all have been 
ompleted. The random 
hoi
e was made by drawing one 
ardout of a set of 
ards numbered between 1 and 120 from a ballot box. The randomly drawn
hoi
e 
ould either be from stage RA, PR or TE. Moreover, the lottery of the randomly
hosen question determined by a subje
t's 
hoi
e is a
tually played out. Corresponding tothe question randomly 
hosen a 
oupon was allo
ated to the lottery out
ome. Afterwardsthe experimenters gave the resulting payo� to the subje
ts.4 Behavioral resultsIn this se
tion, we present the results from our experimental sessions. Firstly, we report risktaking behavior on the aggregate for ea
h risk type. Se
ondly, we explore the relationshipbetween the di�erent risk types. Thirdly, the robustness of our experimental method is
he
ked and, �nally, we analyze risk taking behavior a
ross gender.4.1 Premia for di�erent risk typesIn all questions, the vast majority of subje
ts 
hose the �less risky option� when 
ompen-sation was small, and then 
rossed over to the �more risky option� without ever going ba
kto the less risky option. Aggregated over six tasks, 85% of individuals swit
hed on
e and8% did not swit
h. For 3% we observe two swit
hes and in about 4% of responses subje
tsswit
h ba
k and forth more than two times. This latter fra
tion is slightly lower than re-ported in other multiple pri
e list experiments to eli
it risk preferen
es, e.g. Holt and Laury(2002) who report between 5 to 6% of multiple swit
hes. We in
luded subje
ts in our anal-ysis with one swit
hing point or no swit
h at all. Further, we in
lude subje
ts with twoswit
hing points. We dropped subje
ts from our analysis who had more than two swit
hingpoints for more than one out of the six de
ision s
reens. This was the 
ase for eight outof 127 subje
ts.In the following, for a given task an individual's response or (demanded) 
ompensationrefers to the �rst 
ompensation for whi
h an individual swit
hed to the more risky lottery
hoi
e in that task. For a given stage, a subje
t's response or (demanded) 
ompensationis the average of the subje
t's responses to the tasks of that stage. Formally, let m̂RA
idenote individual i's response in stage RA (whi
h 
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 pruden
e and two temperan
e tasks, respe
tively. The 
or-responding averages over all individuals are denoted by m̂
RA

, m̂
PR and m̂

TE, respe
tively.These overall averages are depi
ted in Figure 5. We 
learly observe that subje
ts demand ahigher 
ompensation to make the imprudent 
ompared to the risk loving and intemperate
hoi
e.In parti
ular, as shown in Table 3 subje
ts on average demand a higher 
ompensationto make an imprudent 
hoi
e (m̂PR
= 1.6817; s.d. 1.3427) 
ompared to the risk loving16



Figure 5: Average 
ompensation by risk type
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RA PR TEThis �gure shows the average demanded 
ompensa-tions of 119 subje
ts by risk type, m̂
RA

, m̂
PR and

m̂
TE.(m̂RA

= 1.2290; s.d. 1.8012) and the intemperate 
hoi
e (m̂TE
= 0.8929, s.d. 1.2175).12This behavioral pattern implies that subje
ts atta
h, on average, more weight to third-order risks than to se
ond-order and fourth-order risks. We also observe this pattern forsubje
ts' 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 
hoi
e is larger than that for the twotemperan
e items.To test these di�eren
es for signi�
an
e, we �rst 
ondu
t a Page-Test for orderedTable 3: Des
riptive statisti
s on subje
ts' demanded 
ompensations

m̂RA
i

m̂PR1
i

m̂PR2
i

m̂PR3
i

(m̂PR
i

) m̂TE1
i

m̂TE1
i

(m̂TE
i

)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 des
riptive statisti
s on demanded 
ompensations for ea
h tasks andaverages over tasks for stages PR and TE.alternatives. The null hypothesis is that on average subje
t's responses were the same inevery stage and the alternative hypothesis is that they are ordered in a spe
i�
 way.13 Wesuppose m̂PR

i ≥ m̂RA
i ≥ m̂TE

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

i and m̂TE
i 
learly indi
ates a tenden
y towards risk averse,prudent and temperate behavior, as subje
ts' responses di�er substantially from the risk neutral 
hoi
e,i.e. a demanded 
ompensation of 0 (or put di�erently, 
rossing over from the less risky to the more risky
hoi
e when the expe
ted value of more risky 
hoi
e is larger for the �rst time). The median responsesfor the risk loving, imprudent and intemperate 
hoi
e are 1.00, 1.50 and 0.50, respe
tively. Note thatresponses for all risks di�er signi�
antly from the risk neutral 
hoi
e (p < 0.0001, Wil
oxon signed ranktest, two-sided).13To spe
ify the null hypothesis and its alternative more expli
itly, let θ(·) be the population medianof subje
ts' 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�eren
es is a stri
t inequality. That is, the medians are ordered inmagnitude. Noti
e that, we 
orre
ted for ties. 17



responses 
an be reje
ted and, thus, it follows that at least one of the di�eren
es is a stri
tinequality (p = 0.0004, L = 1480, Page-test).14Pairwise 
omparisons were 
ondu
ted using a two-sided Wil
oxon 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 pruden
e, m̂RA
i and m̂PR

i , have the same mean, i.e. m̂
RA

= m̂
PR isreje
ted (p = 0.0057, t and p = 0.0101, WSR). Likewise, the average demanded 
ompensa-tion for the imprudent 
hoi
e (m̂PR) di�ers signi�
antly from the average 
ompensation forthe intemperate 
hoi
e 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 appli
ation of the stronger t-test seemsjusti�ed, we 
on
lude that there is weak eviden
e that 2nd-order demanded 
ompensationsare higher than for outer risk.Result 1. On average, subje
ts demand signi�
antly higher (third-order) downside risk
ompensations than se
ond-order and outer risk 
ompensations. We further �nd weak evi-den
e that se
ond-order 
ompensations are higher than outer risk 
ompensations.Result 1 is a major result of this paper. It shows that in a dire
t 
omparison, pruden
e
an be relatively more important to subje
ts than risk aversion. This is meant in thesense that they demand a larger 
ompensation to take a lottery with more downside risk
ompared to taking a lottery with more 2nd-degree risk. This shows that generally theimportan
e of risk preferen
es does not de
rease with their order. Thus the result alsoquestions the extensive fo
us on risk aversion in the e
onomi
s literature, both theoreti
aland empiri
al (experimental), and highlights the importan
e of pruden
e. In parti
ular,the experimental e
onomi
 literature 
ontains numerous di�erent methods to measure riskaversion, but this paper 
onstitutes the �rst approa
h to measure pruden
e. As shown here,a varian
e-in
reasing 2nd-order risk in
rease whi
h is addressed by risk aversion might notbe the most important one to subje
ts. A skewness-de
reasing downside risk in
rease 
anbe more harmful and this will be re�e
ted by an individual's preferen
es if and only ifpruden
e is assumed.15The only signi�
ant di�eren
e for average 
ompensations within stages PR and TE,respe
tively, is observed for PR1 and PR3 (p = 0.0269, t and p = 0.0561, WSR). This
on�rms that subje
ts indeed should respond to several pruden
e tasks as the 
hoi
e of thezero-mean risk in�uen
es de
ision behavior (see also Ebert and Wiesen 2009). In parti
u-lar, if we had only employed stage PR3 we would not have observed a signi�
ant di�eren
ein 
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 su
h a risk 
onstitutes less of a harm to a prudent individ-ual. It 
an further be shown that in this 
ase pruden
e implies 
hoosing higher kurtosis(as de�ned by all even moments being higher) what might make the prudent option less14Noti
e that if we assume the ordering m̂RA

i ≥ mPR
i ≥ m̂TE

i the null hypothesis 
an not be reje
ted(p = 0.4364).15Also note that, under EU, 1 is not equivalent to de
reasing absolute risk aversion. This is be
ause our
ompensation is not dire
tly related to Kimball's measure of absolute pruden
e but to that of Modi
a andS
arsini. 18



attra
tive to a temperate individual, see Ebert (2010). Further, a

ording to that paper,a mixed risk averse de
ision 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-tradi
tory 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 preferen
es (e.g. Gilboa 2009,
hapter 17) 
annot explain our behavioral result as the temperan
e lotteries involve thehighest losses but the 
orresponding outer risk 
ompensations are smallest.4.2 Relationship between risk aversion, pruden
e and temperan
eTheoreti
ally, risk aversion, pruden
e and temperan
e are 
omplementary in des
ribingindividuals' risk attitudes. But what is the relationship empiri
ally? In the following weexplore this question by analyzing ea
h individual's demanded 
ompensation for the threedi�erent risk types. Figure 6 shows three s
atter plots 
ontrasting individuals' demanded
ompensation for risk types in a pairwise manner. For all three 
omparisons the plotssuggest a positive 
orrelation. Test statisti
s of a Spearman rank 
orrelation test 
on�rmFigure 6: Pairwise 
omparison of 
ompensations for di�erent risk types
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ompensations demanded for pruden
e (verti
al axis) and risk aversion(horizontal axis) by ea
h of 119 individuals. The 
entered (right) graph plots the demanded 
ompensa-tions for temperan
e and risk aversion (temperan
e and pruden
e).this tenden
y. There is a signi�
ant positive relationship between the se
ond-order risk
ompensation 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�
an
e level.16 Thissupports the assumption of mixed risk aversion whi
h is 
ommon in the e
onomi
 literature.Result 2. Behavioral data eviden
e a positive relationship between demanded 
ompensa-tions for se
ond-order risk, downside risk and outer risk. This implies that risk aversion,pruden
e and temperan
e often o

ur jointly (but with di�erent intensity, see Result 1).The highest positive 
orrelation 
an be observed between pruden
e and temperan
e.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 fa
tor analysisIn this se
tion we analyze the fa
torial design des
ribed in Se
tion 3.4. We test robustnessof our experiment towards stage order e�e
ts (Fa
tors A and B) and manipulations of the
ompensations grid. For Fa
tor C the levels are either �the 
ompensations grid is shiftedby 2.00 EUR� or �the 
ompensations grid is not shifted�. Depending on Fa
tor D the gridsize was either 0.25 EUR or 0.50 EUR.At �rst we analyze whether subje
ts' 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 fa
tor levels. Table 4.3shows des
riptive statisti
s by fa
tor levels and provides p-values of a two-sided Fisher-Pitman permutation test.The order in whi
h stages o

ur does not signi�
antly in�uen
e subje
ts' responses(A: p = 0.4126, B: p = 0.1271). However, shifting the s
ale of the 
ompensations gridby +2.00 EUR does signi�
antly in�uen
e subje
ts responses. When there is no shift
ompensations are lower than when there is a shift. This di�eren
e 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 s
ale than for a grid of 0.25 EUR, the 
hange in grid sizedid not exert a signi�
ant in�uen
e on subje
ts' de
isions (D: p = 0.6104).17Are the same fa
tors still in�uential for subje
ts' behavior when we distinguish betweenTable 4: Fa
tor analysisFa
tor (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 des
riptive statisti
s on 
ompensations aver-aged over risk types mi and on 
ompensations per risk typefor ea
h fa
tor 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 Fa
tors A and D have no signi�
ant in�uen
e 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 Fa
tor B the temperan
e 
ompensation is signi�
antly larger when stageRA pre
edes PR. Subje
ts demand a substantially higher 
ompensation for all types of riskwhen there is a shift in the s
ale of 
ompensations (Fa
tor C). This di�eren
e is signi�
antfor m̂PR
i and m̂TE

i . However, for m̂RA
i the di�eren
e is substantial but not signi�
ant(p = 0.11263). To sum up, as is typi
al for experiments employing a multiple pri
e listformat, shifts in the 
ompensations grid 
an potentially distort measurements su
h thatone should 
ontrol for this e�e
t.The more important point with respe
t to the appli
ation of the fa
torial design is thefollowing. The fa
torial design introdu
ed a lot of variation into our measurements, butstill we obtain signi�
an
e 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�uen
e average 
ompensations. Alsothe grid in
rements do not in�uen
e subje
ts' 
hoi
es. A shift in the 
ompensations gridin�uen
es subje
ts' 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 fa
torialdesign.4.4 Is there a male-female di�eren
e?Di�eren
es between women and men in risk attitudes are well do
umented in the experi-mental e
onomi
s literature. Most eviden
e suggests that women per
eive risks as greater,engage in less risky behavior, and 
hoose alternatives that involve less risk. In their liter-ature reviews E
kel and Grossman (2008 b) and Croson and Gneezy (2009) 
on
lude thatit is a robust �nding from (e
onomi
) experiments that women are more risk averse thanmen. In this se
tion we show that this observation also applies to the higher-order riskpreferen
es pruden
e and temperan
e.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 
hoi
ethan for the risk loving and intemperate 
hoi
e is robust for both males and females.In line with the literature on gender di�eren
es in risk taking behavior we �nd that fe-male (F ) subje
ts are more risk averse than male (M) subje
ts. To a

ept the risk loving
hoi
e women demand, on average, a higher 
ompensation than men (m̂RA-F

= 1.5690;
m̂

RA-M
= 0.9057). This di�eren
e 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 
hoi
es (m̂TE-F

= 1.1504; m̂
TE-M

= 0.7350). Bothdi�eren
es 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.18Noti
e 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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ompensations of 119 subje
tsfor risk types for female and male subje
ts, i.e. m̂
RA-F

, m̂
PR-Fand m̂

TE-F and m̂
RA-M

, m̂
PR-M and m̂

TE-M.5 Con
lusionIn this paper we propose an experimental method to measure risk aversion, pruden
e andtemperan
e at an individual level. Within the s
ar
e empiri
al literature on higher-orderrisk preferen
es, this 
onstitutes the �rst attempt to measure the intensity of risk pref-eren
es rather than only their dire
tion. Further, it is the �rst attempt to 
ompare theintensity of the preferen
es within subje
ts.The theoreti
al fundament of our experimental method is the proper risk apportionmentmodel of Ee
khoudt and S
hlesinger. 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, respe
tively) for the lottery 
hoi
es in theexperiment. Lotteries are 
alibrated so that these 
ompensations are 
omparable not onlybetween but also within subje
ts.In the experiment we measure these 
ompensations using a multiple pri
e list te
hnique.The lotteries employed in the experiment are presented as 
ompound rather than trinomial(quadri- or pentanomial) and mat
h 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 a
tually used to determine subje
ts' payo�s. This experimentaldesign is tested for robustness to typi
al manipulations using a between subje
t fa
torialdesign.A major result is that, on average, the downside risk 
ompensation demanded is sig-ni�
antly higher than the se
ond-order risk 
ompensation. This highlights the importan
eof pruden
e and questions the extensive fo
us in the e
onomi
s literature on risk aversion.In parti
ular, the literature 
ontains numerous di�erent experimental methods to measurerisk aversion, but this paper 
onstitutes the �rst approa
h to measure pruden
e.Behavioral data imply that the outer risk 
ompensation is smallest. It is smaller than22



the se
ond degree 
ompensation with weak signi�
an
e and smaller than the downside risk
ompensation with strong signi�
an
e. We also observe that the stylized fa
t 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 resear
h on the measurement of higher-order risk preferen
es 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 �ndappli
ation in further experiments to test the predi
tions of numerous theoreti
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A DerivationsWe �rst show that our lottery preferen
e 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 sin
e the preferen
e holds for all positive k we 
an let k go to zeroto obtain
u′(x) < u′(x − r).Sin
e this holds for all r (and for all x) the latter equation implies that u′(x) is stri
tlyde
reasing, i.e. u′′(x) < 0, what we wanted to show. That the preferen
es B3 over A3 and

B4 over A4, respe
tively, are equivalent to pruden
e and temperan
e within the di�eren-tiable EU framework is proven by use of similar arguments in Ee
khoudt and S
hlesinger(2006).We now present the approximations that relate individuals' indi
es 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 
hoi
e is de�ned as
1

2
u(x − k) +

1

2
u(x − r) =

1

2
u(x + mRA) +

1

2
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 be
omes

u(x) − ku′(x) + u(x − r) = u(x) + mRAu′(x) + u(x − r) + (mRA − k)
(

u′(x) − ru′′(x)
)

⇐⇒ 0 = mRAu′(x) + mRA (

u′(x) − ru′′(x)
)

+ rku′′(x)

⇐⇒ 0 = 2mRAu′(x) + u′′(x) ((r(k − mRA))

⇐⇒ −
u′′(x)

u′(x)
=

2mRA
r(k − mRA)

.For pruden
e 
onsider
1

2
u(x − k) +

1

2
E[u(x + ǫ̃)] =

1

2
u(x + mPR) +

1

2
E[u(x − k + ǫ̃ + mPR)]. (5)19These approximations are similar to those in Craini
h and Ee
khoudt (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))su
h that equation (5) approximately be
omes

2u(x) − ku′(x) +
1

2
σ2u′′(x) = 2u(x) + mPRu′(x) + (mPR − k)u′(x)

+
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 temperan
e �rst 
onsider

E[u(x + mTE + ǫ̃1 + ǫ̃2)]whi
h 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.Colle
ting 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 Instru
tions[translated from German℄Thank you very mu
h for parti
ipating in this de
ision experiment!General InformationIn the following experiment, you will make a 
ouple of de
isions. Following the instru
tionsand depending on your de
isions, you 
an earn money. It is therefore very important thatyou read the instru
tions 
arefully.You will make your de
isions anonymously on your 
omputer s
reen in your 
ubi
le. Duringthe experiment you are not allowed to talk to the other parti
ipants. Whenever you have aquestion, please raise your hand. The experimenter will answer your question in private inyour 
ubi
le. If you disregard these rules you 
an be ex
luded from the experiment. Thenyou re
eive no payment.During the experiment all amounts are stated in Euro. At the end of the experiment,your a
hieved earnings will be paid to you in 
ash.Stru
ture of the ExperimentThe experiment 
an be divided into three stages. All stages are equally relevant for yourpayo�. The three stages 
omprise de
ision problems, where risky events play a role. In arisky event it is unsure, whi
h out
ome o

urs.You de
ide, whi
h of two risky events you prefer. The form of the risky events will bedes
ribed when explaining the stages in-depth.Overall you will make 120 individual de
isions in the three se
tions of the experiment.Payo� in the experimentTo determine your payo� of the experiment, one of your 120 de
isions from the threese
tions will be sele
ted randomly. This takes pla
e after you have made all your de
isions.For this the experimenter will draw one out of 120 
ards, labeled with numbers from 1to 120, from a ballot-box. Every number o

urs only on
e in the ballot-box whereby thedraw of a parti
ular number is equally likely. The out
ome of the risky event, that youhave 
hosen will a
tually be determined afterwards. These random draws will be explainedin-depth when des
ribing the se
tions of the experiments.Note that only one of your 120 de
isions determines your earnings of the exper-iment and that ea
h of your 120 de
isions 
an determine your entire earningsof the experiment.Also note that the risky events 
an 
omprise negative out
omes. You re
eive an endowmentin form of a 
oupon. The 
oupons are allo
ated to the out
ome of the risky event. Hen
eyour payo� is made up of the two 
omponentsEndowment and Out
ome of the 
hosen risky event .30



After the experiment, the de
ision relevant for payo� and the out
ome of the risky eventwill be randomly will be determined for ea
h parti
ipant in the seminar room. For thisparti
ipants will be 
alled on su

essively.De
ision situationThe risky events displayed in following �gure des
ribe the de
ision situation, you fa
e inthe three stages of the experiment, in an abstra
t way. In de
ision situation you de
idewhi
h 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 depi
ted by the balls �Up� and �Down�. Random draw 1 is: With 50%
han
e you are in state �Up� or with 50% 
han
e in state �Down�.We now look at the risky event �Option left�: If the ball �Up� will be drawn, the out
omeis X. X 
an either be a fixed amount or another random draw (Random draw X). Ifball �Down� is drawn, the out
ome 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 re
eive the amount indi
ated 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.Hen
e, for ea
h of these 20 Amounts follows one de
ision 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 o

ur in state �Up� (here: �Option right�).Note that, on your de
ision s
reen 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 de
isions. You 
hoose on one de
isions
reen at a time, whi
h of the two di�erent risky events�Option A or Option B�youprefer.The risky events 
an 
omprise negative out
omes. For ea
h de
ision in the �rst stage you31



re
eive an endowment of 25.00. An example of a de
ision 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 thes
reen. For ea
h Amount you de
ide whether you prefer Option A or Option B.After a
tivating an Amount in the 
olumn �Amount� you de
ide for this Amount by
li
king on �A� or �B� whether you prefer Option A or Option B. A green frame marks the
hosen option. You do not need to sti
k to a 
ertain order of your de
isions.How is the out
ome 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 
han
e.Please look at the example of this stage again!Suppose, this de
ision has been randomly 
hosen to determine your payo�. In Option Athe out
ome is −5.00, if in Random draw 1 the ball �Up� is drawn. If the ball �Down�is drawn the out
ome 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 out
ome 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 out
ome 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�.Se
ond stageIn the se
ond stage of the experiment you make 60 de
isions. You 
hoose on three de
isions
reens ea
h with 20 de
ision situtations, whi
h of the two di�erent risky events�Option A32



or Option B�you prefer.The out
omes of the risky events 
an be negative. You re
eive an Endowment of 20.00.An example of a de
ision situation in the se
ond 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 thes
reen. For ea
h Amount you de
ide whether you prefer Option A or Option B.After a
tivating an Amount in the 
olumn �Amount� you de
ide for this Amount by
li
king on �A� or �B� whether you prefer Option A or Option B. A green frame marks the
hosen option. You do not need to sti
k to a 
ertain order of your de
isions.How is the out
ome of the risky event (you have 
hosen) determined in these
ond 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 
han
e(analogous to the �rst stage). As shown in the example above, in the se
ond stage a se
ondrandom draw (Random draw X) 
an be ne
essary 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 de
ision s
reens in this stage. This ballot-box always 
ontains 10 balls and within ade
ision s
reen (for 20 de
isions) the 
omposition of white and yellow balls are identi
al.Please look at the example of this stage again!Suppose, this de
ision situation has been randomly 
hosen to determine your payo�. If inOption A in Random draw 1 the ball �Up� is drawn, the out
ome 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 re
eive 12.50 (= 20.00 − 5.00 − 3.50 + 1.00).33



• If in Random draw X a white ball is drawn, you re
eive 14.00. Considering yourEndowment you re
eive 30.00 (= 20.00 − 5.00 + 14.00 + 1.00).If in Option A in Random Draw 1 �Down� is drawn, the out
ome 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 re
eive 16.50.
• If in Random draw X a white ball is drawn, you re
eive 14.00. Considering yourEndowment you re
eive 34.00.If in Option B in Random draw 1 �Down� is drawn, the out
ome is −5.00. Consideringyour Endowment 15.00 result.Third stageIn the se
ond stage of the experiment you make 40 de
isions. You 
hoose on two de
isions
reens ea
h with 20 de
ision situations, whi
h of the two di�erent risky events�Option Aor Option B�you prefer.The out
omes of the risky events 
an be negative. You re
eive an Endowment of 17.50.An example of a de
ision 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 thes
reen. For ea
h Amount you de
ide whether you prefer Option A or Option B.34



After a
tivating an Amount in the 
olumn �Amount� you de
ide for this Amount by
li
king on �A� or �B� whether you prefer Option A or Option B. A green frame marks the
hosen option. You do not need to sti
k to a 
ertain order of your de
isions.How is the out
ome 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 
han
e(analogous to the �rst and se
ond stage).As shown in the example above, in the se
ond stage a se
ond random draw (Randomdraw X) and/or a third random draw (Random draw Y) 
an be ne
essary to determineyour payo�.In Random draw X a ball is drawn from a ballot-box 
ontaining 10 balls. This ball
an either be white or yellow. Note that, the 
omposition of white and yellow balls 
an
hange in the three de
ision s
reens in this stage. This ballot-box always 
ontains 10 ballsand within a de
ision s
reen (for 20 de
isions) the 
omposition of white and yellow ballsare identi
al. Analogously, this is true for Random draw Y. Noti
e that the 
ompositionof yellow and white balls a
ross Random draw X and Random draw Y 
an di�er (seethe example above).Please look at the example of this stage again!Suppose, this de
ision 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 re
eive 14.70.
• If in Random draw X a white ball is drawn, you re
eive 11.10. Considering yourEndowment you re
eive 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 re
eive 6.40.
• If in Random draw Y a white ball is drawn, you re
eive 2.80. Considering yourEndowment you re
eive 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 re
eive 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 re
eive

11.10 (from Random draw X) and 2.80 (from Random draw Y). Consideringyour Endowment of 17.50 you re
eive 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 re
eive 11.10 (from Random draw X) and you lose 11.10 (from Randomdraw Y). Considering your Endowment you re
eive 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 re
eive 2.80 (from Randomdraw Y). Considering your Endowment you re
eive 18.50 (= 17.50−2.80+2.80+

1.00).If in Option B in Random draw 1 �Down� is drawn, the out
ome 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 ea
h stage starts. These questions should familiarize you with the de
isiontask in ea
h stage.After the experiment, you are asked to answer a questionnaire. For answering the ques-tionnaire you re
eive independently from your earnings during the experiment ¤ 4.
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