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Abstract
This paper empirically analyzes how individual characteristics are associated with 
risk aversion, loss aversion, time discounting, and present bias. To this end, we 
conduct a large-scale demographically representative survey across eight Euro-
pean countries. We elicit preferences using incentivized multiple price lists and 
jointly estimate preference parameters to account for their structural dependen-
cies. Our findings suggest that preferences are linked to a variety of individual 
characteristics such as age, gender, and income as well as some personal values. 
We also report evidence on the relationship between cognitive ability and prefer-
ences. Incentivization, stake size, and the order of presentation of binary choices 
matter, underlining the importance of controlling for these factors when eliciting 
economic preferences.
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1 Introduction

Economic preferences, such as risk aversion and time preferences, have been found 
to predict a wide range of individual decisions, such as savings (e.g. Bradford et al., 
2017), environmental choices (e.g. Bartczak et al., 2015), and investments in health 
(e.g. Galizzi et al., 2018) or in retirement funds (e.g. Goda et al., 2019). For policy-
makers, it is particularly important to identify individual characteristics associated 
with such preferences, so that policies can be designed for the appropriate target 
groups (for instance, offering upfront subsidies to socio-demographic groups known 
to discount the future highly or warranties to socio-demographic groups known to 
be particularly risk averse).

Relationships between individual characteristics and economic preferences 
have been studied extensively in empirical research. The results reported in these 
studies are often inconsistent, however, making it difficult to derive clear insights 
and policies. The inconsistencies may stem from a variety of factors. First, studies 
make use of vastly different methods to elicit and estimate preferences; some stud-
ies use incentivized experimental methods (e.g. Boschini et al., 2019; l’Haridon &  
Vieider, 2019), while others rely on self-reported measures (e.g. Falk et al., 2018; 
Görlitz & Tamm, 2020). Second, studies make use of different samples: while some  
studies utilize large scale, demographically representative samples, many rely on 
small samples consisting predominantly of students.1 Finally, studies differ in how 
they account for structural dependencies between different domains of preferences. 
Andersen et al. (2008), for instance, argue that the curvature of utility should be 
taken into account when estimating discount rates. Abdellaoui et al. (2007) show 
that failing to account for loss aversion can introduce bias in the estimated parameter  
of risk aversion.

In this paper, we start with a broad review of the empirical literature on the rela-
tionships between the most studied individual characteristics with risk aversion, loss 
aversion, time discounting and present bias.2 This literature review enables us to 
identify relationships for which patterns of findings are clear, ambiguous, inconsist-
ent, or missing. As our main contribution, we then present results from a large-scale 
multi-country study (with over 12,000 respondents) covering demographically rep-
resentative samples in eight European countries, eliciting risk aversion, loss aver-
sion, time discounting, and present bias, using state-of-the-art methods for elicita-
tion and estimation as well as a wide range of robustness checks. Preferences are 
elicited using Multiple Price List (MPL) designs, as introduced by Holt and Laury 
(2002) for risk preferences, and by Coller and Williams (1999) for time preferences. 
Multiple price lists are incentive-compatible and easy to explain and understand; 
they also make it possible to elicit risk aversion, loss aversion, time discounting, and 

1 Recent exceptions include Falk et  al. (2018) and Bouchouicha and Vieider (2019), who use multi-
country representative samples, Rieger et al. (2015) and Wang et al. (2016), who use large student sam-
ples, or Rosch (2017), who employs a large sample of farmers.
2 To simplify the exposition, in the remainder of this paper we will categorize risk aversion and loss 
aversion as risk preferences, and time discounting and present bias as time preferences.
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present bias using the same design. We use real monetary incentives and account 
for stake and order effects.3 In our preferred specification, we jointly estimate pref-
erence parameters to account for their structural dependencies; we also conduct a 
variety of alternative estimations to examine the robustness of the findings to differ-
ent specifications, including different ways of modeling the structural dependencies 
between risk and time preferences. This study employs a rich set of individual char-
acteristics with a wide range of socio-demographic characteristics as well as psy-
chological characteristics such as cognitive reflection (Frederick, 2005) and cultural 
values (Schwartz, 2012), allowing us to analyze how these characteristics are related 
to risk and time preferences.

Overall, this paper aims at obtaining a better understanding of relationships 
between individual characteristics and risk and time preferences. To our knowl-
edge, this is the first effort to elicit risk aversion, loss aversion, time discounting, 
and present bias jointly using multi-country representative samples. The findings 
contribute to the lively discussion on how risk and time preferences are associ-
ated with individual characteristics. Our literature review contributes to the lit-
erature through the identification of relationships for which more knowledge is 
needed (either because previous results are ambiguous or inconsistent or because 
these relationships have rarely or never been studied previously). The findings 
from our large-sample multi-country survey then provide valuable orientation for 
these relationships. Table 1 summarizes our main findings. To highlight some of 
the results, we find that age and gender correlate with all considered preferences. 
Income appears to be negatively correlated with risk and loss aversion. We also 
find robust negative correlations between cognitive ability and risk aversion and 
time discounting. Interestingly, loss aversion appears to be positively correlated 
with cognitive ability.

Additional findings suggest that design features appear to have significant effects 
on the estimated parameters: incentivized respondents appear to be less risk averse, 
present biased, and loss averse, but they tend to discount the future to a greater 
extent. Stake size as well as order of presentation are also significantly related to 
elicited preference parameters. In line with mounting evidence on this topic, we find 
that controlling for decision noise is important:4 Failing to do so may lead to spuri-
ous correlations between preference parameters and individual characteristics that 
are correlated with decision noise.

In the following, in Sect. 2 we first systematically review the empirical literature 
on the relation between individual characteristics and risk and time preferences. We 
present the theoretical framework used in Sect. 3 and the survey design in Sect. 4. In 
Sect. 5 we report the findings from the joint estimation of the preference parameters 
as well as results obtained from a series of robustness checks. We discuss the impli-
cations of our findings in Sect. 6.

3 Specifically, we use a between-subjects random incentivized system (BRIS). See Sect.  4.2 for more 
details.
4 See e.g. Andersson et al. (2016); Gillen et al. (2019); Andersson et al. (2020).
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2  Individual characteristics and preferences: A literature overview

In this section, we first present a systematic overview of empirical studies focusing 
on the relation between risk and time preferences and the following individual char-
acteristics: age, gender, income (or wealth), education, having children (or house-
hold size), living as a couple (or being married), and cognitive ability.

Given the vast number of empirical studies reporting the correlation of individual 
characteristics with risk and time preferences, a systematic search was necessary. We 
conducted this search in two separate steps.5 In a first step, to ensure that the studies 
that are most comparable to ours were included, we conducted a focused search for 
studies using demographically representative samples and relying on experimental 
methods to elicit preferences.6 This initial focused search yielded 437 results on the 
Google Scholar library database. In a second step, we more broadly searched the 
literature for studies on risk and time preferences without restrictions on the elicita-
tion methods used (therefore also including stated preferences) nor on the sampling 
(therefore also including non-demographically representative samples). This search 
yielded 16,800 results on the Google Scholar library database. For feasibility rea-
sons, we decided to retain the first 1,000 results only (ordered by relevance).7

After removing 283 duplicates, this two-step procedure left us with 1,154 studies  
to be manually screened. At that stage, we eliminated 1,018 studies that did not pre-
sent empirical results (for instance review papers), and studies that did not include 
associations of risk and time preferences with individual characteristics. We also 
added eight relevant studies that had not been found through the search processes. 
Ultimately, we retained 144 studies in this review (listed in Online Appendix 
Table A.1).

Table 1  Correlations between individual characteristics and preferences

“+” and “-” refer to significantly positive and negative associations (at the 5% level). “n.s.” refers to non-
significant associations

Preferences Age Male Income Education Children Couple Cognitive
ability

Risk aversion + - - n.s. n.s. n.s. -
Loss aversion - - - n.s. n.s. n.s. +
Time discounting - + n.s. - + n.s. -
Present bias - + n.s. n.s. n.s. n.s. n.s.

7 According to the Google Scholar website: “Google Scholar aims to rank documents the way research-
ers do, weighing the full text of each document, where it was published, who it was written by, as well as 
how often and how recently it has been cited in other scholarly literature.” We acknowledge that this clas-
sification may vary over time and may not reflect the relevance of a particular study in a field.

5 More details on the search criteria can be found in Online Appendix A.1.
6 To elicit economic preferences, the main experimental designs are the Multiple Price List, Random 
Lottery Pair, Ordered Lottery Selection, Becker Degroot Marschak, and Trade-off designs (Harrison 
et al. (2008)). We also included the Convex Time Budget of Andreoni and Sprenger (2012).
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For each study, we specify the sample size, whether the sample was demo-
graphically representative, and whether preference elicitation was incentivized. 
Finally, we indicate which preferences were considered in the study. For practi-
cal reasons we used p-values (here with a 10% threshold) to assess the findings 
in the literature on the correlation between preferences and covariates. While 
incentives have been an important concern in the literature over the past two 
decades (e.g. Camerer & Hogarth, 1999; Brañas-Garza et al., 2020), we observe 
that large-sample surveys typically do not use incentivization for preference 
elicitation; we also observe that large-scale studies such as Dohmen et al. (2010) 
tend to rely on scales rather than experimental elicitation methods. Among the 
studies retained, about 40% rely on representative samples, the remaining stud-
ies often use student samples or special population samples (e.g. homeowners, 
farmers). The majority of studies focus on risk aversion and to a lesser extent 
on time discounting; only a few studies have considered present bias and loss 
aversion. Further, most studies consider one preference domain only. Finally, we 
note that none of the studies considering several preference domains estimate 
risk and time preferences parameters jointly.8 We summarize the findings of this 
literature review in Table  A.1  in the Online Appendix without any judgment. 
For example, we do not distinguish between findings according to the methods 
used to elicit and estimate economic preferences.9 Similarly, even though omit-
ted variable bias may explain differences across studies because some of the 
selected individual characteristics may be correlated but not included as covari-
ates in some of the studies, we do not account for these differences and report 
the results as they appear in the published articles.

Overall, Table A.1 in the Online Appendix makes clear that there are no previous 
demographically representative studies incorporating risk aversion, loss aversion, 
time discounting and present bias.10 Our study fills this gap. Specifically, because 
we use state-of-the-art preference elicitation methods with demographically repre-
sentative samples of the population in multiple countries, and because we include 
(and jointly estimate) time and risk preferences, loss aversion, and present bias, and 
include a wide range of individual characteristics, our study should yield valuable 
results regarding the individual characteristics associated with these preferences.

In Table 2 we summarize the correlations found between individual character-
istics and the preference parameters in the 144 papers retained in this overview. 
In particular, we summarize correlations between risk aversion, loss aversion, time 
discounting, and the main individual characteristics included in our study. We 

8 Studies that elicit risk aversion and loss aversion often estimate these two preferences jointly.
9 This choice allowed us to present a comprehensive overview of the existing literature on preferences 
and their covariates. This would not have been possible had we excluded or focused on specific elicita-
tion methods. Including different elicitation methods implies however that studies retained in the over-
view may not be directly comparable.
10 Tanaka et al. (2010) incorporates these four individual preferences on a sample of farmers in Vietnam 
and is therefore not demographically representative. Breuer et al. (2020) also elicit these four preferences 
on a student sample.
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report in this table the number of studies that investigated this relationship and doc-
ument a statistically significant (positive or negative) correlation at the 10% level 
or a non-significant correlation. We separately identify the number of studies for 
each category that used a demographically representative sample, because most 
non-representative studies have been conducted with student samples which typi-
cally exhibit little variation for many socio-demographic variables. In addition, to 
ensure that small or under-powered studies are not driving the conclusions, Online 
Appendix Table A.2 reports the number of observations finding specific relations. 
Together, these tables can be used to identify, for each relationship between indi-
vidual characteristics and preferences, the extent to which the literature has found 
consistent, conflicting, or ambiguous (i.e. non-significant) results.

For age, statistically significant findings for number of studies and number of 
observations mostly suggest a positive correlation with risk aversion and a nega-
tive correlation with time discounting and present bias; still, a substantial share of 
studies find opposite or ambiguous results, making the association between age and 

Table 2  Correlations between individual characteristics and preferences reported in the literature: num-
ber of studies

In each cell, we first report the number of studies finding a specific result (at the 10% level for positively 
or negatively significant correlations) followed by the number of representative studies amongst these 
studies. For studies that reported multiple specifications, we included the results from the most sophis-
ticated specification; further, to mitigate omitted variable bias, we chose the specification that used the 
largest set of the covariates of interest. Papers that reported results for different elicitation tasks or/and 
different sub-samples were treated as separate studies. We used wealth in the few cases where income 
was not reported, number of persons in household when having children was not reported. “Couple” 
summarizes people who live as a couple or are married. For cognitive ability, we considered studies 
reporting the following measures: Cognitive Reflection Test, Raven’s Matrix, Intelligence Quotient or 
scores to specifically test mathematics ability
Results from the present study are not included in the numbers reported but are indicated by *

Preferences Relationship Age Male Income Education Children Couple Cognitive
ability

Risk
aversion

Positive
n.s.
Negative

63 / 28 *
55 / 18
22 / 11

3 / 0
49 / 23
86 / 37 *

9 / 7
46 / 14
41 / 21 *

11 / 6
42 / 18 *
34 / 18

10 / 6
19 / 9 *
3 / 2

11 / 7
25 / 15 *
8 / 3

0 / 0
9 / 5
12 / 4 *

Loss
aversion

Positive
n.s.
Negative

5 / 3
8 / 2
5 / 3 *

1 / 1
10 / 1
8 / 6 *

2 / 1
2 / 1
7 / 4 *

4 / 2
6 / 4 *
3 / 2

0 / 0
2 / 1
1 / 1 *

1 / 1
2 / 1 *
1 / 1

1 / 1 *
1 / 0
2 / 1

Time
discounting

Positive
n.s.
Negative

5 / 2
13 / 8
11 / 3 *

3 / 1 *
29 / 11
6 / 4

0 / 0
12 / 6 *
12 / 5

0 / 0
8 / 5
12 / 7 *

3 / 1 *
7 / 5
1 / 0

1 / 1
9 / 7 *
3 / 2

0 / 0
2 / 1
11 / 4 *

Present
bias

Positive
n.s.
Negative

1 / 0
4 / 0
4 / 0 *

0 / 0 *
7 / 2
0 / 0

0 / 0
4 / 0 *
3 / 0

1 / 0
3 / 1 *
0 / 0

0 / 0
0 / 0 *
1 / 0

1 / 0
1 / 1 *
1 / 0

0 / 0
2 / 1 *
2 / 0
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economic preferences somewhat contested. Previous literature provides inconclusive 
evidence for the relation between age and loss aversion.11

For gender, a majority of studies find men to be less risk averse than women, but 
a substantial number of studies report a non-significant correlation. In comparison, 
most demographically representative studies find men to be less loss averse than 
women, while analyses relying on non-representative samples typically fail to find 
a statistically significant relation between gender and loss aversion.12 The patterns 
of results for the relationship between gender and time preferences appear ambigu-
ous, with the majority of studies reporting non-significant results. However, men are 
clearly found to be more patient than women when the number of observations is 
considered instead of the number of studies. Notably, no study so far finds a signifi-
cant correlation between present bias and gender.

For income, statistically significant results in the literature typically suggest a 
negative relation with risk aversion, but the majority of findings are ambiguous, 
especially when accounting for sample size. In comparison, the majority of the 
few studies on loss aversion find richer households to be less loss averse. For time 
discounting and present bias, about equal shares of studies (and observations) find 
either a negative relation with income or a no result; for both time preferences, none 
of the studies included in our review finds a positive correlation with income.

Next, a majority of studies find ambiguous results for the relation between edu-
cation and risk aversion, loss aversion and present bias. Focusing on the number 
of studies, most statistically significant results suggest a negative relation between 
education and risk aversion; there are numerous studies, however, finding this 
relation to be positive. When taking into account the number of observations, the 
relationship between education and risk aversion appears to be ambiguous. For 
time discounting, most studies suggest a positive association with education; the 
share of non-significant results is also quite high.

In the majority of studies, having children or living as a couple/being married 
are not correlated with risk aversion, loss aversion, and time discounting. Statis-
tically significant results mostly suggest a positive relation of risk aversion and 
having children or being married, especially when taking into account the number 
of observations and not only the number of studies.

Finally, most previous studies (also when accounting for sample sizes) find 
participants with higher cognitive ability to be less risk averse and more patient, 
whereas the associations of cognitive ability with loss aversion and present bias 
have not yet received much attention and results are mixed. We also note that a 
high share of studies find an ambiguous association between cognitive ability and 
risk aversion. Relatedly, Andersson et al. (2016, 2020) suggest that the negative 
correlation between cognitive ability and risk aversion found in many studies may 
be spurious; we focus on this issue in Sect. 5.2. In general, the pattern of results 

11 Note that many studies have considered non-linear relationships for age; however, this has not lead to 
consistent findings.
12 Note that Bouchouicha et al. (2019) suggest that the relationships between gender and loss aversion 
might depend on the specification used for loss aversion.
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in Table 2 appears to be similar for studies that employ demographically repre-
sentative samples and studies that do not employ such samples. It is worth noting 
that some relations have been little studied (especially relations with loss aversion 
and present bias) and that some conclusions are based on less than ten studies and 
less than 10,000 observations in total.

Overall, this literature review highlights the need for a study that includes the 
four preference domains and a broad set of individual characteristics. We find that 
many of the results are either conflicting or ambiguous (non-significant). Further, 
some relationships have rarely been studied so that empirical evidence on these rela-
tionships is scarce or missing. We believe that using a joint estimation of four prefer-
ences parameters on large, incentivized, and representative multi-country samples 
provides valuable insights on the relations between individual characteristics and 
risk and time preferences.

3  Theoretical framework: Preferences over risk and time

In this section we present the theoretical framework used to model and estimate 
preferences over risk and time. The framework is based on the commonly used Pros-
pect Theory framework developed by Kahneman and Tversky (1979).13 Utility over 
gains and losses of wealth x, relative to the reference point (x = 0) , is modelled as:

where � is the parameter indicating relative risk aversion and � is the parameter 
determining loss aversion. Levels of 𝛼 > 0 imply risk aversion, � = 0 implies risk 
neutrality, and 𝛼 < 0 implies risk-seeking behavior. Levels of 𝜆 > 1 imply loss aver-
sion, � = 1 implies loss neutrality, and 𝜆 < 1 implies loss-seeking behavior.

Preferences over choices that involve separate points in time were modelled using 
quasi-hyperbolic discounting, as proposed by Laibson (1997):

where Ut(xt, ..., xT ) is the expected utility of a stream of wealth gains or losses 
x0, ..., xT , u(xt) in gain/loss utility at time t as described in Eq. (1), � is the discount 
rate and � is the present bias parameter. Here 𝛿 > 0 implies impatience, � = 0 implies 
time neutrality, and 𝛿 < 0 implies patience, while 𝛾 > 0 implies present bias, � = 0  

(1)u(x) =

{

x1−𝛼

1−𝛼
if x ≥ 0

−𝜆(−x)1−𝛼

1−𝛼
if x < 0

(2)Ut(xt, ..., xT ) = Et

[

1

(1 + �)t
u(xt) +

1

(1 + �)

T−t
∑

k=1

1

(1 + �)t+k
u(xt+k)

]

,

13 Note that for practical reasons, we decided to not elicit probability weighting. All lottery choices were 
50/50 gambles, conveyed in everyday language as coin flips. See Section D.2 for a discussion.
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implies no bias, and 𝛾 < 0 implies future bias.14 In our model, t is expressed in years. 
Therefore, � is the yearly discount rate.

4  Survey design

Data was collected in July and August 2016 through computer-assisted web inter-
views (CAWI) conducted by IPSOS GmbH in eight European countries (France, 
Germany, Italy, Poland, Romania, Spain, Sweden, and the United Kingdom). 
Respondents were members of IPSOS household panels; quota sampling was used 
to ensure that for each country, the sample was representative of the population 
for gender, age (between 18 and 65 years), and region of origin. The sample con-
sisted of 15,055 respondents with the following distribution: 2,000 respondents 
each from France, Italy, and the United Kingdom; 2,002 from Germany; 2,008 
from Poland; 1,529 from Romania; 2,001 from Spain; and 1,515 from Sweden. We 
dropped 2,330 (113) observations for respondents who answered “do not know” 
to the income (education level) question. All following analyses are reported 
based on the remaining 12,612 respondents. The surveys were carefully translated 
from the original English version into each of the target languages; back transla-
tion was used to check the quality of each translation; after discussion with the 
translators, discrepancies were adjusted for to ensure consistency in understand-
ing across countries. Further, because not all countries in the survey use the same 
currency, the monetary amounts displayed to respondents throughout the survey 
were adjusted to keep similar purchasing power values across countries while also 
showing rounded numbers to ensure equivalent computing difficulty. In all Euro-
zone countries, the monetary amounts shown to respondents were identical; for 
Poland, Romania, Sweden and the UK, monetary amounts were multiplied by the 
following factors: Poland: 1 C = 3 PLN; Romania: 1 C = 3 RON; Sweden: 1 C = 10 
SEK; UK: 1 C = 1 £.15

4.1  Preference elicitation

Tables 3, 4 and 5 contain the Multiple Price Lists (MPLs) used to elicit preferences. 
MPL1.1 and MPL1.2 involve secure gains at varying time frames: one at an ear-
lier date and one at a later date. MPL2 contains 14 choices between two lotteries 
(one less risky lottery and one riskier lottery, whose expected value increases from 
upper to lower rows). Finally, MPL3 involves seven choices between two lotteries, 

15 The data used in this paper was collected as part of the Horizon 2020 BRISKEE project (https:// www. 
brisk ee- cheet ah. eu). The data is publicly available and several other publications have made use of it, 
mostly to investigate household adoption of energy efficient technologies (see e.g. Schleich et al., 2019).

14 Our notation differs somewhat from the usual one, where the present bias parameter is typically writ-
ten as � = 1∕(1 + �) . We have chosen this notation to achieve a uniform interpretation of coefficient esti-
mates across preferences in Table 8: larger coefficients can always be interpreted to indicate increased 
risk aversion, loss aversion, time discounting and present bias.

https://www.briskee-cheetah.eu
https://www.briskee-cheetah.eu
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including gains as well as losses as outcomes. Together, these price lists jointly 
identify risk aversion, loss aversion, time discounting, and present bias.

It should be noted that the earliest date at which respondents could receive money 
was one week into the future. This could be a concern, as one week could be too far 
in the future to be considered “present” for eliciting present bias. As explained in 
greater detail in the next subsection, this was because processing and shipping of 
payments took one week’s time. In Sect. 5.1 we discuss the implications of this pro-
cedure for our parameter estimates.

No unique switch point was enforced in our multiple price lists; i.e. respondents 
were free to switch back and forth between Option A and B. In our sample, 16.48% 
of respondents have multiple switch points; this share is similar to previous studies 
(see e.g. Harrison et al., 2005).

4.2  Stakes, incentives, and order effects

Most respondents faced the MPLs with the monetary amounts shown in the previous 
subsection. In the remainder of this paper, we refer to these amounts as the baseline 
monetary amounts. In addition, we varied stake size: in the high-stake scenario (ca. 
10% of the total sample), the amounts shown were multiplied by 10 compared with 
amounts in the baseline treatment; in the low-stake scenario (ca. 7% of the total sam-
ple), the amounts shown were divided by 10 compared with amounts in the baseline 
treatment.

In addition to stake levels, we also manipulated incentivization. The majority of 
the respondents (55.5%) were incentivized, to mitigate and test for hypothetical bias, 
as highlighted by Charness et  al. (2016). Incentivized respondents were informed 

Table 3  Multiple price list for eliciting time preferences (MPL1.1 & MPL1.2)

*Yearly discount rate implied by indifference between Option A and B, assuming linear utility ( � = 0)

Line Option A Option B Implied �∗

1 Receive 98€ in 6 months and one week Receive 100€ in 12 months 0.041
2 Receive 94€ in 6 months and one week Receive 100€ in 12 months 0.132
3 Receive 90€ in 6 months and one week Receive 100€ in 12 months 0.235
4 Receive 86€ in 6 months and one week Receive 100€ in 12 months 0.352
5 Receive 80€ in 6 months and one week Receive 100€ in 12 months 0.563
6 Receive 70€ in 6 months and one week Receive 100€ in 12 months 1.041
7 Receive 55€ in 6 months and one week Receive 100€ in 12 months 2.306
1 Receive 98€ in one week Receive 100€ in 6 months 0.041
2 Receive 94€ in one week Receive 100€ in 6 months 0.132
3 Receive 90€ in one week Receive 100€ in 6 months 0.235
4 Receive 86€ in one week Receive 100€ in 6 months 0.352
5 Receive 80€ in one week Receive 100€ in 6 months 0.563
6 Receive 70€ in one week Receive 100€ in 6 months 1.041
7 Receive 55€ in one week Receive 100€ in 6 months 2.306
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that they would have a 1% chance of being picked and paid based on one of their 
actual choices in the MPLs. This type of incentive scheme is increasingly utilized 
in experimental economics and is also known as Between-subjects Random Incen-
tivized System (BRIS).16 Because of budget constraints, incentivization was imple-
mented only for the baseline and low-stake scenarios. For each selected respondent, 
one choice was randomly designated as the pay-out-relevant choice. Respondents 
were informed that if a question from Table 5 (including monetary losses) was cho-
sen as the pay-out-relevant choice, they would receive an additional 100 Euros (or 
an equivalent sum in Polish, Romanian, or Swedish currencies), regardless of the 
choice; losses would then be subtracted from these 100 Euros, and gains would be 
added.17

Table 4  Multiple price list for eliciting risk aversion (MPL2)

*Relative risk aversion parameter implied by indifference between Option A and B

Option A Option B

Line Coin shows Heads Coin shows Tails Coin shows Heads Coin shows Tails Implied �∗

1 50€ 40€ 54€ 10€ -3.247
2 50€ 40€ 58€ 10€ -1.828
3 50€ 40€ 62€ 10€ -1.149
4 50€ 40€ 66€ 10€ -0.733
5 50€ 40€ 70€ 10€ -0.446
6 50€ 40€ 74€ 10€ -0.24
7 50€ 40€ 78€ 10€ -0.069
8 50€ 40€ 82€ 10€ 0.062
9 50€ 40€ 87€ 10€ 0.195
10 50€ 40€ 97€ 10€ 0.390
11 50€ 40€ 112€ 10€ 0.582
12 50€ 40€ 132€ 10€ 0.744
13 50€ 40€ 167€ 10€ 0.908
14 50€ 40€ 222€ 10€ 1.044

16 See e.g. Abdellaoui et  al. (2008) for an early example of BRIS incentivization. Clot et  al. (2018) 
compare the impact of different incentive schemes on behavior in dictator games, and find no difference 
between BRIS and full incentivization, whereas no incentivization leads to less selfish play. Relevant for 
our study, Brañas-Garza et al. (2020) find that using BRIS leads to decreased levels of risk aversion com-
pared to hypothetical or full incentives. So while an incentivization of the full sample is likely superior, 
we would argue that for large scale studies in which a full incentivization is infeasible (such as ours), 
BRIS appears to be better than no incentives at all.
17 This procedure differs somewhat from the main approaches in the literature, where often either no 
incentives are used, or losses are subtracted from a show-up fee that every participant receives. Due 
to budgetary constraints, offering every participant 100 Euros as a show-up fee was infeasible. Our 
approach retains incentive compatibility and is viable for large-scale surveys.
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Overall, all respondents selected as winners were immediately informed and paid 
with a prepaid credit card (a MasterCard) sent to them by postal mail. Because it 
took one week to process and ship these cards, the earliest payment date was one 
week after survey completion.18 This was reflected in the time frame used in the 
time preference MPLs. To ensure comparability between the incentivized and non-
incentivized conditions, non-incentivized respondents were also shown MPLs with 
an “in one week” formulation.

In total, 75 respondents among the roughly 7500 incentivized respondents were 
randomly selected to be paid, with an average pay-off of 54.34 Euros; in total, about 
4,000 Euros were paid out in incentives to respondents in addition to the regular 
study participation fee.

Finally, we randomized the order of presentation: about half of the respondents 
saw the MPLs as presented above; for the other half, Options A and B were reversed, 
such that Option B was presented in the left column of the table with Option A in 
the right column.

Overall, respondents were randomly assigned to one of the experimental condi-
tions (unique combinations of stake level, incentivization or not, and AB or BA pres-
entation order); to avoid confusion or experimenter demand effects, each respondent 
was assigned to the same combination across all four MPLs.

Table 5  Multiple price list for eliciting loss aversion (MPL3)

*Loss aversion parameter implied by indifference between Option A and B, assuming linear utility 
( � = 0)

Option A Option B

Line Coin shows Heads Coin shows Tails Coin shows Heads Coin shows Tails Implied �∗

1 +100€ -20€ +150€ -100€ 0.625
2 +55€ -20€ +150€ -100€ 1.188
3 +15€ -20€ +150€ -100€ 1.686
4 +5€ -20€ +150€ -90€ 2.071
5 +5€ -30€ +150€ -90€ 2.417
6 +5€ -40€ +150€ -90€ 2.900
7 +5€ -40€ +150€ -70€ 4.833

18 Perceived payment reliability is an issue that may confound the elicitation of preferences, especially 
when an earlier payment may be deemed more reliable or may involve lower transaction costs. In our sur-
vey, the payment procedure was kept constant across all time horizons. Additionally, respondents were 
informed that the market research company would guarantee all payments as specified, and were pro-
vided with an email address that they could contact in case they had questions regarding the payment 
procedure. The survey drew from existing panels, consisting mostly of respondents who had previous 
experience with the market research company and their payment procedure, which should further allevi-
ate issues of perceived payment reliability.
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4.3  Individual characteristics

Our set of covariates included socio-demographic variables employed in previous 
studies, that is, age, gender, education level, income, and whether respondents had 
children, lived as a couple; in addition, we also asked whether participants lived in 
an urban area. To capture cultural differences, we included a ten-item subscale of 
the personal value questionnaire (Knoppen & Saris, 2009) measuring the following 
individual values: self-direction, stimulation, hedonism, achievement, power, secu-
rity, conformity, tradition, benevolence, and universalism (Schwartz, 2012). Finally, 
the score obtained on the standard cognitive reflection test (CRT, (Frederick, 2005)) 
was included to reflect cognitive ability. Table 6 provides a description of the vari-
ables used in our estimations.

The multivariate estimations also included country-specific dummies, with each 
country dummy equal to 1 if the respondent was from the specified country and 0 
otherwise. Online Appendix Table B.1 reports the summary statistics for each vari-
able in the sample across the eight countries.

5  Results

5.1  Aggregate maximum‑likelihood estimation

We estimate all preference parameters jointly, broadly following the maximum like-
lihood specification in Andersen et al. (2008) and Harrison et al. (2008). Respond-
ents repeatedly choose between two options, A and B. We denote expected utility as 
specified in Eq. (2) as UA and UB for Options A and B, respectively.19

We consider a random utility model in which individuals may make two types of 
errors in the decision-making process. First, they may make tremble errors, i.e. with 
some probability � they may randomize between both options. Second, they may 
make errors in evaluating the expected utility of lotteries.20 In particular, Options 
A and B are evaluated by their expected utility plus a stochastic component � , such 
that an individual (provided they did not randomize as a result of the tremble error), 
chooses Option B if UB + �B ≥ UA + �A . Overall, the probability of choosing Option 
B therefore writes as follows:

where F is the cumulative distribution function of (�A − �B) . In our main speci-
fication, we assume that F follows a standard logistic distribution function with 

(3)Prob (B) = (1 − �)F

(

UB − UA

�

)

+
�

2
= (1 − �)F(ΔU) +

�

2
,

19 For notational convenience, we drop the indices for time.
20 For a discussion of this error structure see also Apesteguia and Ballester (2018) or Andersson et al. 
(2020).
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F(�) = (1 + e
−�)−1 . This specification is also commonly referred to as the Luce model 

(Luce, 1960; Holt & Laury, 2002) or a Fechner error with logit link (Drichoutis &  
Lusk, 2014).21

We estimate six parameters: risk aversion � , loss aversion � , time discounting � , 
present bias � , the tremble error term � , and the Fechner error term � . The latter 
two parameters can be interpreted as follows: for � → 0 , the tremble error has no 
effect on choice and for � → 1 , choice approaches uniform randomization. Analo-
gously, for � → 0 , the decision becomes deterministic (conditional on not choosing 
at random owing to the tremble error), and for � → ∞ , choice approaches uniform 
randomization.

The log-likelihood function aggregates over all choices and all respondents and 
writes as follows:

where dji = 1 when Option B is chosen by individual j in lottery choice i and dji = 0 
when Option A is chosen. The log-likelihood function is maximized numerically 
using Stata’s modified Newton-Raphson (NR) algorithm.22 Standard errors are clus-
tered at the individual level.

Table  7 summarizes the resulting preference parameters estimated for the full 
sample. On average, respondents in our sample are risk averse, with a parameter 
of relative risk aversion � = 0.46 . To put this into perspective, the risk premium 
associated with a benchmark lottery that pays 0 or 100 Euro with equal probability 
L = (0, 0.5;100, 0.5) would be 22.3 Euro. Respondents are on average loss averse, 
with parameter � = 1.93 , implying that losses are weighted roughly twice as much 
as equal-sized gains. They are impatient, with a yearly discount factor of � = 0.28 , 
and slightly present-biased, with � = 0.01 . Both structural error parameters are sig-
nificantly positive, indicating that choices are influenced by both Fechner and trem-
ble errors.23

Note that the point estimate of � should be interpreted with caution. In essence, 
� measures the difference in the discount rates elicited in MPL1.1 and MPL1.2. 
Because the temporal distance and the magnitude of the payments in both lists 
are kept constant, a positive � would indicate that respondents discount the future 
more in MPL1.2, where choices are closer to the present. This is how present bias is 

(4)

ln (L(�, �, � , �, �,�)) =
∑

j

∑

i

[

ln
(

(1 − �)F(ΔU) +
�

2

)

× dji + ln
(

1 − (1 − �)F(ΔU) −
�

2

)

× (1 − dji)
]

,

22 The results are robust to the utilization of different algorithms, such as Davidon-Fletcher-Powell 
(DFP) or Broyden-Fletcher-Goldfarb-Shanno (BFGS).
23 Note that our estimate of the tremble error is relatively large. Andersson et  al. (2020) find tremble  
errors as high as 0.304, though the magnitude does seem to depend on the specific MPL design. For our 
estimation, allowing the Fechner error to vary between MPLs appears to reduce the tremble error some-
what. As discussed in Sect. D.3, this only has a negligible effect on the remaining estimates, so we decided 
to keep the simpler model as our main specification.

21 Equation (3) is algebraically identical to Prob (B) = (1 − �)
exp(UB∕�)

exp(UA∕�)+exp(UB∕�)
+

�

2
.



91

1 3

Journal of Risk and Uncertainty (2023) 66:77–107 

typically defined. However, as the earliest possible payment was one week into the 
future, our estimate of � is likely biased downwards compared to studies that have a 
smaller front-end delay.24

Table 6  Description of variables

Variable label Variable description

Age Respondents’ age in years
Male Code used: =1 if male; 0 if female
Education Code used: =1 if higher education degree; 0 otherwise
Income Respondents’ income in 1,000 Euros per year
Children Code used: =1 if the respondent has children; 0 otherwise
Couple Code used: =1 if the respondent is in a couple; 0 otherwise
Urban Code used: =1 if the respondent lives in the center or the suburban area of a major city; 

0 otherwise
CRT Number of correct answers to the three questions of the Cognitive Reflection Test 

(Frederick, 2005)
Achievement Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 

6-“Very much like me”; 0 otherwise: “Being very successful is important to him/her; 
to have people recognize his/her achievements.”

Benevolence Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “It is important for him/her to help other people 
nearby; to care for their well-being.” On a scale: 1-“Not like me at all” to 6-“Very 
much like me”.

Conformity Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “It is important to him/her to always behave 
properly; to avoid doing anything people would say is wrong.”

Hedonism Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “It is important to him/her to have a good time; 
to spoil himself/herself.”

Power Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “It is important to him/her to be rich; to have a 
lot of money and expensive things.”

Security Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “Living in secure surroundings is important to 
him/her; to avoid anything that might be dangerous.”

Stimulation Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “Adventure and taking risks are important to 
him/her; to have an exciting life.”

Tradition Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “Tradition is important to him/her; to follow the 
customs handed down by his/her religion or family.”

Universalism Code used: = 1 if the respondents answer 4-6 on a scale: 1-“Not like me at all” to 
6-“Very much like me”; 0 otherwise: “Looking after the environment is important to 
him/her; to care for nature and save resources”

24 See also Meier and Sprenger (2015), who faced a similar issue. They sent out checks as incentives, 
and acknowledge that the front-end delay may impact their estimates of present bias.



92 Journal of Risk and Uncertainty (2023) 66:77–107

1 3

In the following, we allow preference and error parameters to vary with individ-
ual characteristics as we test how preference parameters are related to these char-
acteristics. To this end, we employ logistic models, where the six preference and 
error parameters are estimated jointly as linear functions of the individual character-
istics outlined in Sect. 4.3. The estimation combines data from all countries (total-
ing 441,420 choices made by 12,612 respondents). We include country dummies 
to capture country-specific effects, using the largest country, Germany, as the base-
line. The results are presented in Table 8. In the following subsections, we present 
the findings about the covariates associated with each preference parameter.25 Note 
that when comparing our findings to the literature, we will not relate our findings 
to all studies reviewed in Sect. 2; instead we will focus on a few exemplary studies, 
mainly those relying on demographically representative samples.

5.2  Individual characteristics associated with risk aversion

Our results suggest that risk aversion is statistically significantly related with the 
socio-demographic variables Age, Male, and Income. More specifically, we find 
a positive correlation between Age and risk aversion. Thus, in our sample, older 
respondents are, on average, more risk averse than younger respondents, ceteris par-
ibus. While this finding is in line with the majority of previous studies (e.g. Schurer, 
2015; Mata et  al., 2016; Bouchouicha & Vieider, 2019), a substantial number of 
studies find a negative relation of age and risk aversion (e.g. Cardenas & Carpenter, 
2013; Noussair et al., 2014; Andersson et al., 2016). Consistent with the thrust of 
the literature (e.g. Hansen et al., 2016; Lee & Kang, 2016; Falk et al., 2018), men 
appear to be less risk averse than women.

In line with the relative majority of the studies surveyed in our literature review 
(see Table  2) we fail to find a statistically significant relation between Education 

Table 7  Preference parameter estimates

Standard errors (clustered at the subject level) in parentheses

Point estimate Standard Error 95% Conf. Interval

Risk aversion: � 0.460 0.007 0.447, 0.473
Loss aversion: � 1.934 0.006 1.922, 1.947
Discounting: � 0.280 0.005 0.271, 0.289
Present bias: � 0.010 0.001 0.009, 0.012
Tremble error: � 0.448 0.003 0.442, 0.454
Fechner error: � 0.682 0.017 0.650, 0.715
N 526925
Log. Likelihood -308865
BIC 617809

25 While interesting in its own right, a discussion of how individual characteristics are related to decision-
making errors is beyond the scope of this paper.
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Table 8  Main specification

Risk aversion Loss aversion Discounting Present bias Tremble error Fechner error
� � � � � �

Age 0.002*** -0.006*** -0.001*** -0.000* 0.001* -0.004***
(0.001) (0.001) (0.000) (0.000) (0.000) (0.001)

Male -0.035** -0.143*** 0.018* 0.003* -0.006 0.077**
(0.012) (0.030) (0.008) (0.002) (0.007) (0.028)

Education -0.018 0.001 -0.032*** 0.001 -0.020** 0.017
(0.013) (0.031) (0.009) (0.002) (0.007) (0.032)

Income -0.001** -0.002** -0.000 -0.000 -0.001*** 0.002*
(0.000) (0.001) (0.000) (0.000) (0.000) (0.001)

Children -0.013 -0.066 0.030** -0.002 0.024** 0.028
(0.014) (0.035) (0.009) (0.002) (0.008) (0.031)

Couple -0.013 0.016 -0.000 0.001 0.001 0.022
(0.014) (0.035) (0.009) (0.002) (0.008) (0.031)

Urban -0.021 -0.009 0.008 0.003* 0.020** 0.034
(0.012) (0.029) (0.008) (0.002) (0.007) (0.028)

CRT -0.022*** 0.028* -0.027*** -0.001 -0.063*** 0.004
(0.006) (0.014) (0.004) (0.001) (0.003) (0.013)

Achievement -0.012 0.005 0.008 -0.000 0.010 0.010
(0.016) (0.034) (0.010) (0.002) (0.008) (0.040)

Benevolence 0.000 0.035 -0.001 0.002 -0.006 -0.014
(0.015) (0.039) (0.010) (0.002) (0.008) (0.033)

Conformity 0.002 0.019 -0.004 -0.004* 0.013 -0.010
(0.014) (0.032) (0.009) (0.002) (0.007) (0.032)

Hedonism -0.022 -0.034 0.032*** 0.002 -0.021** 0.102**
(0.015) (0.032) (0.009) (0.002) (0.007) (0.036)

Power 0.031 0.042 -0.005 0.000 0.053*** -0.073
(0.017) (0.037) (0.011) (0.002) (0.009) (0.042)

Security -0.003 0.022 -0.005 -0.000 -0.014 -0.007
(0.015) (0.035) (0.010) (0.002) (0.008) (0.036)

Self direction -0.001 -0.032 0.005 -0.002 -0.031*** -0.011
(0.014) (0.034) (0.009) (0.002) (0.008) (0.033)

Stimulation -0.055*** -0.126*** 0.023* -0.001 0.039*** 0.125**
(0.016) (0.030) (0.011) (0.002) (0.008) (0.044)

Tradition 0.022 -0.034 0.002 0.000 0.017* -0.047
(0.013) (0.031) (0.009) (0.002) (0.007) (0.032)

Universalism -0.012 -0.039 -0.011 -0.004 -0.013 0.007
(0.014) (0.038) (0.010) (0.002) (0.008) (0.033)

FR -0.047 0.251*** 0.018 0.006* -0.072*** 0.093
(0.027) (0.061) (0.014) (0.003) (0.013) (0.056)

IT -0.077** 0.194*** 0.083*** 0.016*** -0.063*** 0.224***
(0.028) (0.054) (0.016) (0.003) (0.013) (0.067)

PL 0.199*** 0.045 0.068** 0.004 -0.135*** -0.038

(0.029) (0.067) (0.022) (0.004) (0.016) (0.052)
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and risk aversion. Yet, previous studies also report negative associations (e.g. Mata 
et al., 2016; Bouchouicha & Vieider, 2019; Browne et al., 2020) or positive asso-
ciations (e.g. Lee & Kang, 2016; Sepahvand & Shahbazian, 2017; Chapman et al., 
2018a) between education and risk aversion. Similar to Castillo et al. (2018), Blake 
and Cannon (2019) and Bouchouicha and Vieider (2019) for example, we find that 
respondents with higher Income are less risk averse. The relative majority of previ-
ous studies failed to find a statistically significant relation between income and risk 
aversion. Whether participants have children, are married, or live in an urban envi-
ronment, does not appear to be associated with risk aversion. These findings are in 
line with the thrust of the literature.

For cognitive ability, we find that respondents with higher CRT scores are less risk 
averse. There is some debate in the literature regarding the effects of cognitive abil-
ity on risk aversion. In line with our results, Chapman et al. (2018b), Dohmen et al. 

Table 8  (continued)

Risk aversion Loss aversion Discounting Present bias Tremble error Fechner error
� � � � � �

RO 0.103* -0.092 0.245*** -0.018*** -0.033 0.187
(0.041) (0.065) (0.043) (0.005) (0.018) (0.104)

ES -0.034 -0.001 0.075*** 0.007 -0.018 0.204**
(0.028) (0.053) (0.018) (0.004) (0.013) (0.069)

SE -0.110*** 0.262*** 0.019 0.003 -0.033** 0.243***
(0.027) (0.055) (0.014) (0.003) (0.013) (0.073)

UK 0.043 0.253*** 0.031* 0.003 -0.047*** -0.035
(0.027) (0.062) (0.015) (0.003) (0.013) (0.051)

ABreversed 0.039** 0.027 -0.019* -0.007*** 0.023*** -0.100***
(0.012) (0.028) (0.008) (0.002) (0.006) (0.028)

Incentivized -0.044** -0.189*** 0.064*** -0.022*** -0.014* 0.084*
(0.015) (0.036) (0.009) (0.002) (0.007) (0.035)

LowStakes -0.048* -0.147** -0.010 0.028*** 0.015 0.102
(0.023) (0.050) (0.017) (0.004) (0.013) (0.069)

HighStakes 0.023 0.158* -0.035** -0.007** 0.032** -0.011
(0.024) (0.073) (0.013) (0.003) (0.012) (0.048)

Constant 0.525*** 2.270*** 0.256*** 0.030*** 0.490*** 0.619***
(0.041) (0.098) (0.023) (0.005) (0.021) (0.082)

N 443415
Log. Likelihood -253086
BIC 508513



95

1 3

Journal of Risk and Uncertainty (2023) 66:77–107 

(2010), and Goda et al. (2019) find cognitive ability to be negatively correlated with 
risk aversion.26 Andersson et al. (2016) argue however that such results may be spuri-
ous, an artifact caused by the method used to elicit risk aversion. Dohmen et al. (2010) 
use an MPL design in which the risk-neutral switch point is located in the upper half 
of the MPL. Andersson et al. (2016) show that this may lead to a spurious (negative) 
correlation between cognitive ability and risk aversion.27 Andersson et al. (2020) fur-
ther argue that, after carefully controlling for decision errors in estimating preference 
parameters, the effects of cognitive ability on risk aversion disappear. To mitigate the 
effect of risk-neutral switch-point location in the MPL on the relationship between CRT 
and risk preferences, we designed our MPL in a symmetric way: the risk-neutral switch 
point falls in the middle of the MPL.28 Thus, given that respondents are on average risk 
averse, our design is biased in the opposite direction of our finding, such that increased 
randomness (correlated with cognitive ability) should lead to lower observed risk aver-
sion.29 In contrast to Andersson et al. (2016, 2020), in our study the effects of cognitive 
ability on risk aversion remain significant, even after controlling for the effects of cog-
nitive ability on the decision error.30 This may be because our analysis benefits from a 
substantially larger sample ( N = 12, 615 vs. N = 1, 396 in Andersson et al. (2020) and 
our study, respectively), which could lead to an increased chance to detect small effects. 
It should be noted, however, that our study is not directly comparable with Andersson 
et al. (2020), owing to differences in the MPL design and measurement of cognitive 
ability. Also, while we believe that the relation between cognitive ability and risk aver-
sion is robust (see also the simulation exercise in Online Appendix D.5), we can, of 
course, not exclude the existence of other spurious effects.

Regarding the cultural values, we find that Stimulation is negatively related to 
risk aversion which implies that individuals who like adventures are less risk averse.

Concerning country effects, risk aversion appears to be higher in Poland and 
Romania and lower in Italy and Sweden relative to the baseline country, Germany.

We also find order effects: respondents facing the riskier outcomes on the left 
side of the screen exhibit greater risk aversion. To our knowledge, these effects are 
rarely considered in the literature (Andersen et al., 2006) and may suggest that rand-
omization of order is important when eliciting preferences using multiple price lists.

28 A risk-neutral respondent who chooses completely at random will thus appear risk neutral on aver-
age. Note that this also implies that respondents who are risk averse should now switch from the safe to 
the risky option somewhere in the lower half of our MPL. This implies that they have more room to err 
towards the risky option: a risk-averse respondent who chooses randomly will appear risk neutral.
29 This intuition is confirmed in Online Appendix D.5, where we simulate choice data and test this explic-
itly. The findings of these simulations underline the robustness of our finding that risk aversion is negatively 
associated with cognitive ability and suggest that the effect is likely even larger than documented in Table 8.
30 Andersson et al. (2020) use a random parameter model based on Apesteguia and Ballester (2018). To 
our knowledge, this kind of random parameter model has not yet been extended to multi-parameter util-
ity models. In their online Appendix, however, they use a random utility model with tremble error and 
(logit-link) Fechner error, and show that this is sufficient to control for spurious effects. Our maximum 
likelihood estimation is based on that model.

26 See also Lilleholt (2019) for a meta-study that also finds small but significantly negative effects.
27 Respondents with lower cognitive ability may make more mistakes, and since the risk-neutral switch 
point falls in the upper half of the MPL, there are more opportunities to err towards the safe than to the 
risky option. A risk-neutral respondent who chooses completely at random will thus appear risk averse.
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Our results further suggest that incentivized participants are less risk averse than 
non-incentivized participants. While there is no consensus in the literature regarding 
the effects of incentivization on risk behavior in experiments, most existing stud-
ies have found that incentivization has either no effects (Camerer & Hogarth, 1999; 
Rieger et al., 2015) or that it increases risk aversion (Holt & Laury, 2002). Recent 
evidence, however, suggests that the effect of incentivization on risk behavior may 
depend on whether all or only some (randomly selected) participants are paid. In 
line with our finding, Brañas-Garza et al. (2020) observe that a between-subject ran-
dom incentive scheme (BRIS) leads to less risk aversion, compared to hypothetical 
incentives. Finally, in line with Holt and Laury (2002) and Harrison et al. (2005) we 
find that when stakes are low (compared to the baseline) risk aversion decreases.

5.3  Individual characteristics associated with loss aversion

Overall, we find that age, being male and income are negatively related with loss aver-
sion. While for these characteristics, the scant literature on loss aversion mostly found 
a non-significant relation, our findings are consistent with Cardenas and Carpenter 
(2013), Chapman et  al. (2018b) and Blake and Cannon (2019) for age, with Booij 
and van Praag (2009) and Cardenas and Carpenter (2013) for gender, and with Von 
Gaudecker et al. (2011), Stephens and Tyran (2012) and Blake and Cannon (2019) for 
income. For CRT , we find a positive relation with loss aversion, which is consistent 
with Chapman et al. (2018b). For Education, Children, Couple, and Urban, we find no 
statistically significant relation with loss aversion. Previous literature has rarely con-
sidered these characteristics, with the exception of education, for which the majority 
of studies also find a null result.

Loss aversion is also related with Stimulation: respondents who like adventure 
and taking risks are less loss averse.

Relating to country effects, we find higher loss aversion in the samples from 
France, Italy, Sweden and the UK compared to the sample from Germany.

Unlike for the other preference parameters, we find no order effects for loss aversion. 
Finally, we find that loss aversion is lower for incentivized respondents, and that loss 
aversion increases with stake size. The latter result is consistent with Vieider (2012).

5.4  Individual characteristics associated with time discounting

The demographic variables Age, Male, Education, and Children are statistically sig-
nificantly related to time discounting. We find older respondents to be more patient. 
The relative majority of studies in our literature review (see Table 2) did not find a 
statistically significant relation between Age and time discounting. Our result is, how-
ever, consistent with numerous studies including Andersen et al. (2018), Chapman et al. 
(2018b) and Falk et al. (2018). While most studies fail to find gender to be statistically 
significantly related with time discounting, for our sample, male respondents are more 
impatient. Further, more highly educated respondents appear to be more patient, which 
is in line with the thrust of findings reported in the literature (e.g. Bruderer Enzler et al., 
2014; Chapman et al., 2018b; Goda et al., 2019). Next, respondents with children are 
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more impatient, consistent with what Bruderer Enzler et al. (2014) document. The coef-
ficients associated with Couple and Urban are not statistically significant.

In line with the literature (e.g. Chapman et  al., 2018b; Falk et  al., 2018; Goda 
et al., 2019), respondents from our sample with high CRT scores are more patient.

Among the cultural values, only Hedonism and Stimulation are significantly cor-
related with time discounting. Respondents who like to have a good time, to spoil 
themselves, and those who like adventures and taking risks appear to be more impa-
tient. These results make intuitive sense, because these two cultural values strongly 
emphasize immediate rewards, which is consistent with impatience.

Pertaining to country effects, discounting appears to be higher in Italy, Poland, 
Romania, Spain and the UK compared to Germany.

Further, we find significant relations between time discounting and the order in which 
the lotteries were shown, as well as with incentivization and stake levels. Specifically, 
respondents who faced lotteries’ options in reverse order appear more patient than those 
who faced the lotteries as displayed in Tables 3 through 5. This result highlights the 
importance of controlling for order effects when eliciting preferences using multiple 
price lists. Our findings further imply that incentivized respondents discount the future 
more than non-incentivized respondents. Finally, respondents who faced high stakes dis-
count the future less than respondents who faced the amounts in the baseline treatment.

5.5  Individual characteristics associated with present bias

Only few representative studies have investigated the relationship between individual 
characteristics and present bias (e.g. Pinger, 2017; Goda et al., 2019). Our results sug-
gest that older respondents are less present biased, which is consistent with what Wang 
et al. (2016), Hunter et al. (2018) and Breuer et al. (2020) report. In contrast to the 
scant existing literature, we find a statistically significant relation between gender and 
present bias: men are more present biased than women. Further, respondents living 
in an urban environment appear to be more present biased. We find no evidence for 
present bias to be related to education, income, having children, living as a couple, 
cognitive ability, and most cultural values. Yet the finding for Conformity suggests that 
respondents stating that it is important to them to always behave properly and to avoid 
doing anything people would say is wrong are less likely to be present biased.

Respondents in France and Italy are more present biased and respondents in 
Romania are less present biased than those in the baseline country (Germany).

Respondents who faced binary choices in reverse order (more delayed outcomes on 
the left side of the screen) appear to be less present biased. Finally, respondents who were 
incentivized or faced higher stakes are less present biased whereas those facing lower 
stakes (compared with the moderate stakes baseline) are more present biased. These results 
are rather intuitive as they suggest that higher or more perceptible payments (for delayed 
outcomes) may contribute to reducing respondents’ bias toward present payments.31

31 Note that the effects of individual characteristics on present bias presented here are rather small. This 
may (at least in part) be explained by the fact that our estimate of present bias is likely biased downward, 
as discussed in Sect. 5.1.
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5.6  Country‑level estimates

Our data allows us to compare preferences and their relations with individual char-
acteristics between countries. To this end, we first estimate preference parameters 
separately for each country. Table  9 illustrates the resulting point estimates and 
standard errors of the six preference and error parameters.

Most variance across countries can be found in time discounting � and risk aver-
sion � . Estimates for the parameter of relative risk aversion vary between � = 0.34 
(Sweden) and � = 0.68 (Poland). Using our benchmark lottery L = (0, 0.5;100, 0.5) , 
these parameters would generate risk premiums of 15.07 and 38.77 Euro in Sweden 
and Poland respectively. This implies that differences in risk-taking behavior could 
be quite large. Romanians have by far the highest discount rate � = 0.51 , and the 
French appear to discount the future least � = 0.22 . Loss aversion and present bias 
exhibit lower overall normalized variances between countries, although respondents 
from Spain and Romania appear to be markedly less loss averse. Romania is the 
only country where respondents appear to be future biased on average.32

To investigate the associations between individual characteristics and preference 
parameters across countries, we estimate country-level models with a reduced set of 
covariates. Ideally we would use the same set of covariates as in our main specification; 
however with the drastically reduced sample sizes, the models fail to converge reliably 
in the different countries when using the full set of covariates. Estimation results can be 
found in Online Appendix Tables C.1–C.9. Although a country-by-country comparison 
of the relations between all individual characteristics and the four preference parameters 

Table 9  Parameter estimates by country

Standard errors (clustered at the subject level) in parentheses

All countries France Germany Italy Poland Romania Spain Sweden UK

� 0.460 0.420 0.433 0.379 0.683 0.551 0.425 0.341 0.498
(0.007) (0.016) (0.018) (0.017) (0.019) (0.032) (0.018) (0.017) (0.017)

� 1.934 1.976 1.925 1.952 1.812 1.598 1.599 1.971 1.984
(0.006) (0.008) (0.014) (0.013) (0.049) (0.039) (0.016) (0.011) (0.011)

� 0.280 0.221 0.231 0.325 0.329 0.514 0.294 0.238 0.225
(0.005) (0.008) (0.010) (0.013) (0.022) (0.041) (0.013) (0.010) (0.010)

� 0.010 0.012 0.008 0.025 0.009 -0.016 0.014 0.006 0.011
(0.001) (0.002) (0.002) (0.003) (0.003) (0.005) (0.003) (0.002) (0.002)

� 0.448 0.402 0.474 0.428 0.343 0.457 0.462 0.421 0.415
(0.003) (0.007) (0.008) (0.008) (0.010) (0.014) (0.008) (0.009) (0.007)

� 0.682 0.619 0.623 0.893 0.593 0.851 0.787 0.877 0.530
(0.017) (0.037) (0.041) (0.059) (0.037) (0.089) (0.051) (0.061) (0.031)

N 526925 70000 70070 70000 70280 53515 70035 53025 70000

32 Note that some of the results in this section appear to be at odds with the estimated coefficients of the 
country dummies in Sect. 5.1. This is to be expected, as the analysis in this section (unlike the analysis in 
Sect. 5.1) does not control for observed heterogeneity.



99

1 3

Journal of Risk and Uncertainty (2023) 66:77–107 

is beyond the scope of this paper, we observe that due to decreased power, many cor-
relations between preferences and individual characteristics become insignificant at the 
country level. Nevertheless, the estimates appear consistent across countries: none of 
the individual country models exhibits a significant effect that is opposite in sign to a 
significant effect in the model that includes all countries.

5.7  Robustness checks

Our findings on preferences and their correlation with covariates may be sensitive to 
the specification of intertemporal utility, the selected error process, and the measure-
ment of preferences. Yet, there appears to be no consensus in the literature regard-
ing these assumptions. We therefore analyze the robustness of our results pertaining 
to i) exclusion of multiple switchers, ii) alternative utility specifications, iii) alterna-
tive error-process specifications, and iv) alternative measures of preferences, such as 
the number of times a specific option was chosen, or switch points. For brevity, we 
relegate details to Online Appendix  D. Summing up, our main findings are largely 
robust. Among other findings, we document that controlling for noise in the decision 
making process is important. Simulation exercises confirm that using measures of 
preference and estimation methods that fail to account for decision noise may lead to 
spurious correlations between preferences and individual characteristics that are cor-
related with decision noise. This result is in line with recent findings (Andersson et al., 
2016, 2020).

6  Discussion and conclusion

In this paper, we empirically analyze the relationships between individual character-
istics and risk aversion, loss aversion, time discounting, and present bias in a large-
scale demographically representative sample in eight EU countries. We cautiously 
control for decision errors in estimating preference parameters to avoid spurious 
results in cases where individual characteristics may be correlated with decision 
errors. Our findings provide in particular guidance on relationships that previous lit-
erature has never or only rarely analysed such as the relation between individual 
characteristics and loss aversion or present bias. Regarding present bias and loss 
aversion, this study uses the largest sample to date to analyze relations between indi-
vidual characteristics and these preferences. Likewise, most likely because of the 
large sample size, our study finds statistically significant associations for several 
relations where a majority or relative majority of the studies included in our system-
atic literature review find a no result such as the relation of income with risk aver-
sion, of gender with loss aversion, of age and having children with time discounting, 
and of age and gender with present bias. More specifically, our findings suggest that 
risk aversion is negatively correlated with income. We also find evidence suggesting 
the existence of a negative relationship between risk aversion and cognitive abil-
ity (as measured by CRT), a relationship that has been subject to debate in the lit-
erature. We further find that time discounting is negatively associated with age. In 
addition, our results suggest that men discount the future to a greater extent and are 
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also more present biased than women. The latter finding is not yet established in the 
literature. Finally, we find that older respondents and males are less loss averse.

Few studies have tested whether cultural values are related to economic preferences. 
In our study, Stimulation appears to consistently correlate with risk and time prefer-
ences. Respondents who identify to a greater extent with the statement “Adventure and 
taking risks are important to him/her; to have an exciting life” are less risk averse and 
loss averse, and also discount the future to a greater extent. These links have remained 
largely unstudied in the literature, and may be a fruitful area for future research.

Our study also makes methodological contributions that may prove useful for 
researchers interested in using MPLs to elicit economic preferences: we find that 
the order of presentation of the two options as well as stake size have statistically 
significant effects on elicited preference parameters. While it may be difficult to con-
trol for stake size in some settings, order of presentation can easily be randomized. 
Incentivization appears to be important, as it is significantly associated with all elic-
ited preference parameters. Finally, our study highlights the importance of control-
ling for the effects of observable heterogeneity on decision noise.
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