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A B S T R A C T

We propose and analyze three procedures to elicit participants’ behavior regarding their higher-
order risk attitudes. Our procedures relax the rigidity of having to choose among only two
alternatives (as usual in the literature), and allow for choosing a third or even a fourth
alternative. This way, the remaining choices for the two original alternatives carry lower levels
of noise, i.e., lower randomness in behavior from the subjects without a strong preference in the
binary setting, that are forced to choose among only two alternatives. Although the proposed
procedures only filter out a small proportion of the choices, the effect on the consistency of the
individual behavior across moments is highly significant.

. Introduction

We propose an experiment that sheds light on a relevant question approached by the behavioral econ literature on decision-
aking under uncertainty. Starting from the well-known mean–variance paradigm developed in Markowitz (1952), the theory
sually assumes that investors try to increase the expected return (first moment of the return distribution) and to decrease the
isk computed as return variance (second moment of the return distribution). However, many pieces of research show that higher-
rder risk preferences are important determinants of choices under uncertainty in a large domain of economic and financial
ssues, e.g. portfolio management models (Ñíguez et al., 2016), professional path decisions (Schaap, 2021), cryptocurrencies market
scillations (Nagy and Benedek, 2021), etc.

Preference for a higher third moment is usually called prudence (Kimball, 1990), while preference for a lower fourth moment is
sually called temperance (Kimball, 1992). Relying on the model-independent concept of risk apportionment proposed by Eeckhoudt
nd Schlesinger (2006), many experiments in the literature elicit the preferences of individuals on risk aversion, prudence, and
emperance by employing binary lotteries (Noussair et al., 2014; Deck and Schlesinger, 2014; Ebert and Wiesen, 2014; Deck and
chlesinger, 2018). However, these experiments usually elicit behavior forcing participants to choose between one of two proposed
ptions (binary comparisons), ignoring the possibility that sometimes subjects might not be able to express a clean, unequivocal
reference. This happens if the subjects are either close to be indifferent between the two offered alternatives, or they have some
rouble in understanding complex lotteries. Hence, the binary comparison procedure naturally incorporates high levels of noise
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whenever subjects happen not to have a strong preference between Left and Right, but are still forced to choose among only these
two alternatives.

Such noise could have a critical effect on the individual consistency of the higher-order risk preferences. We refer to individually
consistent behavior (as in Noussair et al., 2014) when a subject prefers low variance (risk aversion), high skewness (prudence), and
low kurtosis (temperance) of the return distribution.2 The current work presents an innovative experimental design that, by relaxing
the constraint of having only two alternatives, aims at checking the robustness of results collected in previous experiments. Hence,
we provide the possibility to choose Left, Right, I am indifferent (Treatment 2), I don’t know (Treatment 3), or both (Treatment 4),
in order to check whether the consistency of the individual behavior improves when facing these elicitation tasks.

There is a large strand of literature focusing on the elicitation of higher moments: even though results show correlation between
risk aversion and prudence (i.e., consistent behavior), results about temperance are not so explicit (see, for instance, Deck and
Schlesinger, 2014; Haering et al., 2017; Baillon et al., 2018). Noussair et al. (2014) run an experiment with a large and heterogeneous
sample where students (the usual target population of lab experiments) are only a small part. Unlike results from other experiments,
their results show that individuals’ decisions are consistent with risk aversion, prudence, and temperance. However, Deck and
Schlesinger (2014) contested the conclusions in Noussair et al. (2014) suggesting that the individual consistency they found may
be due to their large online sample. Deck and Schlesinger (2014) pointed out that this individual consistency partially vanished
when solely the sample from the lab experiment was considered. Indeed, when focusing on the laboratory data, only remains a
significant strong positive correlation between risk aversion and temperance. Moreover, Deck and Schlesinger (2014) stated that
there is no significant correlation between risk aversion and prudence in the laboratory data of Noussair et al. (2014), and although
the correlation between prudence and temperance is positive, it is low and marginally significant.

This paper sheds light on this specific question. Following the approach proposed in Noussair et al. (2014) we used the very
same lotteries in compounded form, and we filtered some choices over alternatives that are not unequivocal preferences for Left
or Right. We rely on the findings of Alós-Ferrer and Garagnani (2021) who show that the strength of the preference over binary
alternatives is monotonically related to choice consistency, i.e., choices are more inconsistent (consistent) when the preferences
over the alternatives are closer to (further from) indifference. Hence, when a subject chooses I am indifferent or I don’t know, she
is actually revealing that her preference over Left and Right is closer to indifference than when a subject directly chooses Left or
ight. Therefore, we hypothesized that if we allow non-binary comparisons (to be filtered), then the choices that remain for Left or
ight will display a significant improvement in the consistency of individual behavior on higher-order tasks.

The rationale for our prediction is that by relaxing the rigidity of the binary comparisons, we can distinguish the choices with a
trong and unequivocal preference for Left or Right. Therefore, according to Alós-Ferrer and Garagnani (2021), a higher degree of
onsistency in the individual behavior should emerge.

The reader might wonder whether our manipulation also produces significant treatment effects in the prevalence of the different
igher moments. We did not have a preexisting hypothesis about this. However, Deck and Schlesinger (2018) would suggest that
here are no grounds to expect a systematic shift in behavior across the different higher moments. Finally, we conjectured that
he higher the proportion of non-unequivocal choices elicited by one of these three competing methods, the higher the degree of
onsistency in the individual behavior. However, we obtained that the method filtering fewer choices was the one eliciting higher
ndividual consistency.

. Design and procedures

The experiment was conducted in the Laboratori d’Economia Experimental (LEE) at Universitat Jaume I and programmed in
-Tree (Fischbacher, 2007). The experiment consisted of four treatments. Treatment 1, with 𝑁 = 80, consisted of the exact setting
n Noussair et al. (2014).3 The other three treatments, with 𝑁 = 120 each, were three different competing elicitation methods. We
ncluded these different manipulations to test the main hypothesis. Hence, this experiment had in total 𝑁 = 440 participants. The
xperiment had a between-subjects design (allowing for checking treatment effects), jointly with the individual decision-making
pproach required to check the main hypothesis. Sessions lasted around 90 min (including instruction reading), and the average
ayoff, including the show-up fee,4 was EUR 9 (USD 10.5 at the time of the experiment) ranging from EUR 5 to EUR 175.

Fig. 1 illustrates the different manipulations in the treatments. Treatment 1 (T1) forces subjects to choose among the canonical
ichotomized alternatives (as in Noussair et al., 2014). Treatment 2 (T2) allows showing indifference among the two alternatives by
licking both boxes. Treatment 3 (T3) does not allow showing indifference, but includes a third box, titled I don’t know, between the
ptions Left and Right. Finally, Treatment 4 (T4) allows for both showing indifference by clicking Left and Right, and also displays
he third box in between to select I don’t know.5

2 Previous literature refers to this behavior as all moments risk aversion (Colasante and Riccetti, 2020) or mixed risk aversion (Caballe and Pomansky, 1996).
3 We run an ex-ante power test to determine the sample size. We used the G*Power software. By setting 𝛼 = 0.05 (error probability), (1 − 𝛽) = 0.9 (the power

of the test), and expecting an alternative hypothesis of 𝜌 = 0.33, the recommended size is around 75 observations. We rounded up to 80 for Treatment 1 (where
subjects can only choose one out of two alternatives) and up to 120 for the other three treatments because in these treatments subjects can pick among 3 or 4
alternatives and potential issues of lack of consistency might arise.

4 We deploy the same mechanism payment of Noussair et al. (2014): besides the show up fee, each subject has a 1 in 10 chance to win an amount between
5 and 175 euros.

5 Of course, in Treatment 4 the participants had the freedom to click all three boxes and report inconsistent preferences. For instance, they could choose to
be simultaneously in favor of Left, Right, or I’m indifferent, but on top of that, at the same time without knowing whether they actually preferred Left, Right, or
indifference. We only had 4 out of 120 participants in the whole experiment who showed this inconsistent behavior in some of their choices. More concretely,
only one subject clicked all the three boxes, and the other three clicked I don’t know plus Right or Left. If we remove data from these four participants, the
results do not change.
2
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Fig. 1. Sketch of the decision screen in each treatment. Panel (a) shows the classical binary choice between two lotteries corresponding to Treatment 1. Panel
(b) refers to Treatment 2 in which subjects may manifest indifference. Panel (c) refers to Treatment 3 in which we include the additional option I don’t know.
Panel (d) shows the screen in Treatment 4 in which both I am indifferent and I don’t know have been introduced.

Table 1
Spearman rank correlation coefficients across treatments. The Table 1 shows the consistency of the individual behavior by
comparing the Spearman rank correlation coefficients between the higher-order risk attitudes in each treatment. The table includes
the p-values and the adjusted p-values using the Bonferroni method to correct for multiple-hypotheses testing.

Treat. 1 Treat. 2 Treat. 3 Treat. 4

Risk Prudence Risk Prudence Risk Prudence Risk Prudence

Prudence −0.044 0.175 0.217 0.204
(𝑝-value) (0.699) (0.056) (0.017) (0.025)
(adj. 𝑝-value) (1.000) (0.168) (0.051) (0.075)
Temperance 0.208 0.198 0.307 0.261 0.348 0.465 0.154 0.358
(𝑝-value) (0.064) (0.077) (0.000) (0.004) (0.000) (0.000) (0.099) (0.000)
(adj. 𝑝-value) (0.191) (0.233) (0.002) (0.012) (0.000) (0.000) (0.297) (0.000)

3. Results

Table 1 illustrates our main result. In T1, when only binary comparison among alternatives is allowed, the relative Spearman
rank correlation coefficients deliver similar conclusions to the previous work, i.e., very mild individual consistent behavior that is
not significant at all once controlled for multiple-hypotheses testing (Noussair et al., 2014; Deck and Schlesinger, 2014, 2018). In
contrast, once we allow for non-binary comparisons (as in T2, T3, and T4), by allowing a third or fourth alternative to filter the non-
unequivocal choices, the coefficients reveal a stronger consistency of the individual behavior across the moments. This phenomenon
can be observed in all three treatments and supports our main hypothesis. Therefore, according to the data, the consistency of the
individual behavior when facing higher-order elicitation tasks improves when allowing for intermediate alternatives.6

At first glance, T1 of our experiment succeeded in replicating the existing results in Noussair et al. (2014), as intended. The
number of safe, prudent, and temperate choices in each treatment (jointly with other descriptive statistics) are included in the
online Appendix A1 (Table 4).

Regarding the existence of significant treatment effects in the prevalence of the different higher moments, Table 2 displays the
pairwise comparisons across treatments. None of these comparisons found significant differences in the prevalence of the higher
moments. Hence, data show no significant differences in the prevalence of risk aversion, prudence, and temperance when allowing

6 The drop in the correlation’s coefficients (and significance) when varying the setting from T3 to T4 suggests that an optimal degree of intervention might
exist to raise individual consistency, which consists of allowing only a third option under the more general label of ‘‘I do not know’’.
3
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Table 2
Prevalence of risk aversion, prudence, and temperance across treatments. The first column shows the pairwise
comparison between Treatment 1 and the three proposed manipulations. We run nine Mann Whitney Wilcoxon
tests. The second column shows the statistical z of every test. The third column displays the 𝑝-value. Finally,
we adjusted the p-values in the fourth column using the Bonferroni method to correct for multiple-hypotheses
testing.

Compared treatments z p-value adj. 𝑝-value

Risk T1 vs. T2 1.247 0.212 0.637
T1 vs. T3 1.105 0.269 0.808
T1 vs. T4 1.852 0.064 0.192

Prudence T1 vs. T2 0.589 0.556 1.000
T1 vs. T3 0.744 0.457 1.000
T1 vs. T4 1.467 0.142 0.427

Temperance T1 vs. T2 −0.769 0.442 1.000
T1 vs. T3 0.239 0.811 1.000
T1 vs. T4 0.705 0.481 1.000

Table 3
Proportion of non-unequivocal choices across treatments. The table displays the proportion of non-unequivocal
choices for each lottery among treatments.

T2 T3 T4

Indiff. Don’t know Indiff. Don’t know T4 Total

Risk:
Lottery 1 5/120 6/120 8/120 8/120 16/120
Lottery 2 6/120 3/120 6/120 6/120 12/120
Lottery 3 2/120 4/120 3/120 1/120 4/120
Lottery 4 4/120 2/120 2/120 3/120 5/120
Lottery 5 3/120 2/120 5/120 2/120 7/120

Prudence:
Lottery 6 3/120 3/120 9/120 3/120 12/120
Lottery 7 10/120 7/120 13/120 3/120 16/120
Lottery 8 7/120 2/120 11/120 1/120 12/120
Lottery 9 10/120 1/120 13/120 3/120 16/120
Lottery 10 11/120 2/120 8/120 6/120 14/120

Temperance:
Lottery 11 7/120 3/120 8/120 7/120 15/120
Lottery 12 8/120 6/120 12/120 4/120 16/120
Lottery 13 6/120 1/120 6/120 4/120 10/120
Lottery 14 7/120 2/120 5/120 6/120 11/120
Lottery 15 3/120 2/120 10/120 3/120 13/120

Total 92/1800 78/1800 119/1800 60/1800 179/1800
% non-uneq. 5.11% 4.33% 9.94%

for binary comparisons compared to the new procedures allowing for three or four alternatives. Although we did not have a
preexisting hypothesis on this issue, we can conclude that the results of Noussair et al. (2014) and Deck and Schlesinger (2018) are
robust, and they still hold when relaxing the rigidity of having to pick among two alternatives.

Finally, Table 3 shows the proportion of non-unequivocal choices in each lottery across the three competing methods to elicit
ehavior. First, as one might expect, we observe that the number of unequivocal choices is greater for lotteries eliciting risk than
n lotteries eliciting prudence and temperance. This could be due both to the fact that the structure of the lottery is more complex,
nd to the fact that the preferences for higher-order moments could be less intense. Interestingly, contrary to our expectations, the
ethod that elicited greater consistency of the individual behavior across higher-order risk attitudes is the one that filtered the

ower proportion of non-unequivocal choices (4,33%).7 More concretely, it is in T3 (i.e., when allowing a third alternative as a
ox in between Left and Right under the label I don’t know) that the correlation coefficients are higher (and significant) across all
he moments (risk vs. prudence, 𝜌 = 0.021, adj 𝑝-value = 0.051; risk vs. temperance, 𝜌 = 0.348, adj 𝑝-value < 0.001; and prudence
s. temperance, 𝜌 = 0.465, adj 𝑝-value < 0.001). This result is remarkable since the manipulation included in T3 only collected
8 non-unequivocal choices out of 1800 (this represents only 4.33% of the choices). In contrast, T2 collected 92 non-unequivocal
hoices out of 1800 (5.11%) and T4, 179 non-unequivocal choices out of 1800 (9.94%), which is more than twice the number of

7 Filtered means that our procedures allow for distinguishing the strength of the preference for the alternatives included in the binary paradigm. That is,
hen an intermediate alternative, e.g., I don’t know is included in the choice set, the collected Left choices capture a higher strength of the preference for Left

in comparison with a binary setting where some Left choices can just be the result of random behavior of the subjects without a clear preference of Left over
4

Right. This filtering is what produces an improvement in the degree of individual consistency across the high-order moments.
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Fig. 2. Histograms of choices in the four Treatments.

non-unequivocal choices in T3. Therefore, data suggest that relaxing the rigidity of having to choose among only two alternatives
only affects a small proportion of the choices. However, it remarkably affects the consistency of individual behavior across moments.

As a robustness check, Fig. 2 shows the distribution of the safe, prudent, and temperate choices, for each of the five lotteries
eliciting each high-order risk attitude, and for each of the four treatments. Data show that the distribution of choices is very similar
across the treatments, suggesting that our manipulation (rather than sample assumptions) is what drives our results.8

The Appendix A.2 includes some analyses considering the demographic characteristics of the subjects, mainly gender. As
in Noussair et al. (2014), and Ebert and Wiesen (2014), we obtain that in general, women are significantly more temperate than
men (𝑁 = 430, 214 males and 216 females, 𝑍 = −2.254, 𝑝-value = 0.024).

4. Conclusion

Our experiment contributes to the debate on whether lab experiments display a statistically significant pairwise correlation
between risk aversion, prudence, and temperance. This fact would imply consistency of the individual behavior when facing

8 We thank an anonymous referee for suggesting this picture.
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elicitation tasks dealing with higher-order risk preferences. The results of Noussair et al. (2014) that claimed such effect in their
study have been contested because the evidence was only robust for their larger (and over-powered) online set of responders,
and it failed to find robust evidence in the experimental data collected in the lab (Deck and Schlesinger, 2014). In contrast, we
propose three alternative procedures that obtain a higher and statistically significant pairwise correlation between the moments.
Counterintuitively, the procedure that filters less than 5% of the choices displays the higher correlation coefficients and the most
solid evidence about the existence of consistent individual behavior when facing higher-order risk preferences in the lab.

In a nutshell, we find that, contrary to the lack of individual consistency reported by existing literature (i.e., lack of individual
orrelation between risk aversion, prudence, and temperance), in general, people who display preferences for a low variance of
he return distribution also prefer high skewness (prudence) and low kurtosis (temperance) of such distribution. As an application
f our findings, professionals in the finance sector could use our manipulation by means of questionnaires to elicit the degree of
ndividual consistency of their clients, and then offer them products that fit their preferences better, taking into account not only
he variance of the return distribution but also the skewness and kurtosis.

Regarding future avenues of research, beyond the seminal contributions of Kahneman and Tversky (1979), recent literature still
eports differences in behavior depending on whether the payoffs are framed as gains or losses in a wide variety of environments,
rom voting decisions (Alós-Ferrer et al., 2021) to higher-order risk preferences (Bleichrodt and van Bruggen, 2022). It remains an
pen question whether the procedures introduced here have the same effect on improving individual consistency in lotteries framed
s losses from a reference point.
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