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Abstract

Risk attitudes play a pivotal role to understand

economic decision‐making, and several measures are

used to elicit them in the lab and survey them in the

field. We provide a literature review on the most

commonly used risk elicitation methods by Holt and

Laury (HL) and the Investment Game (IG) by Gneezy

and Potters and the General Risk Question (GRQ)

utilized in the German Socioeconomic Panel. Based on

the metadata from three experiments, we show that the

GRQ has a robust and economically relevant associa-

tion with the IG.

1 | INTRODUCTION

Many decisions in everyday life include risk (Mata et al., 2018). For example, the decision how
to invest money or changing jobs. The basis for understanding and predicting behavior is a
person's underlying risk attitude (Charness et al., 2013, 2020; Dohmen et al., 2011). This can be
important in different contexts: For example, financial institutions such as banks or insurance
companies should adapt their products and services to the risk attitudes of their customers or
target group (Holt & Laury, 2014; Pedroni et al., 2017). Also, researchers may make use of risk
attitudes to control for different risk preferences when investigating topics that involve some
kind of risk (Dohmen et al., 2011).
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To make risk attitudes tangible, researchers have developed numerous elicitation methods
over the past three decades. Thereby, the methods can be divided into two main categories: (1)
Self‐report measures, where individuals are directly asked to assess their own risk attitude.
These are more easily administered in large surveys. (2) Methods are behavioral measures,
where risk attitudes are derived from observed behavior in (usually) incentivized tasks
(Crosetto & Filippin, 2013a). While self‐report measures are typically presented in the form of
questionnaires, behavioral measures are mostly presented in the form of lotteries or in a game‐
style character. They differ with respect to the number of decisions that have to be made
(Crosetto & Filippin, 2013a; Dasgupta et al., 2019). Behavioral measures are often incentivized
with a final payoff and are more expensive than self‐report measures (Lönnqvist et al., 2015). In
addition, while complex tasks might generate more precise results, they may also lead to
comprehension problems (Charness et al., 2013).

Given the variety of measures, one pressing question is the association of the different risk
attitude measures, which should be statistically significant and economically relevant as they
all measure risk attitude (Attanasi et al., 2018; Pedroni et al., 2017). However, weak relations
between risk attitude measures are a recurrent finding in literature (see e.g., Charness &
Viceisza, 2011; Frey et al., 2017; Galizzi & Miniaci, 2016; Lönnqvist et al., 2015). The study of
Pedroni et al. (2017) illustrates this strikingly for behavioral risk measures, as the share of
subjects classified as risk‐averse ranges between 21% and 100% in different tasks. Such
substantial differences put the reliability of the measures into question, which is important
especially when risk attitudes are elicited for real‐world business purposes (e.g., when
allocating capital in risky and risk‐free asset options according to the customer's elicited risk
attitude; Dasgupta et al., 2019; Pedroni et al., 2017).

This paper addresses the question how the commonly used self‐reported measures of the
General Risk Question (GRQ)1 relate to the commonly used behavioral measure, the
Investment Game (IG) by Gneezy and Potters (1997). The IG is a lottery task involving only
one decision. Subjects receive an endowment and have to determine which share of it they are
willing to invest in a risky asset. If the risky asset develops positively, a multiple of the
investment is paid out; otherwise, the invested share is lost (Gneezy & Potters, 1997).

While several studies have investigated the correlation of the SOEP questions with the HL
task, evidence on the correlation with the IG is scarce. To the best of the authors knowledge,
the latter relation has only been investigated in the study of Crosetto and Filippin (2013a) and
Menkhoff and Sakha (2017). Both find no significant relation between the two measures. The
former study used a relatively small sample of only 86 subjects, which may have impacted the
statistical power (Wolf & Best, 2010). Also, both studies used relatively low endowments (€4
and 100 Thai Bhat [approximately €2 at that time], respectively), which might have been too
low to motivate subjects to disclose true risk preferences. Our paper contributes to the
discussion on the association of the GRQ with the IG by analyzing three larger samples (115,
325, and 420 subjects) with higher IG endowments (€7–€10.13). In contrast to previous work,
we find a statistically significant and economically meaningful association of these two
measures in the metadata from three economic experiments. One novelty of this paper is that
two different versions of the IG are incorporated into the analysis. In the original version of the
IG, the expected return of investing is positive, making an investment attractive even for risk‐
averse individuals. Additionally, a version of the IG is investigated, where the expected return

1As administered in the German Socioeconomic Panel (SOEP) since 2004.
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of investing is negative, which should lead to a different investment behavior. The research
question pursued with the empirical analysis is how the GRQ is associated with both IG
versions.

The findings of the empirical analysis can be summarized as follows: First, in contrast to
previous studies, a reasonable significant and positive association between the GRQ scores and
the risky shares in the IG is found. This holds for both versions of the IG.

After this introduction, we first provide a thorough literature review on commonly utilized
self‐reported and the most commonly utilized behavioral risk measures following Holt and
Laury (2002) and the IG following Gneezy and Potters (1997). Section 3 summarizes the three
experiments and shows results of the pooled data as well as each of the experiment. We
conclude with a brief discussion.

2 | LITERATURE REVIEW

2.1 | Strengths and weaknesses of the GRQ, HL, and the IG

This section reviews the strengths and weaknesses of the SOEP risk questions, the HL task and
the IG in terms of implementation and time effort, involved costs, complexity of the task,
spectrum and preciseness of elicitable risk attitudes, and temporal stability. Table 1 summarizes
the discussion of this section.

All three measures perform well in terms of implementation and time effort. It does not
take much time to prepare the SOEP questionnaire, the table from the HL task, or the task
instructions of the IG, as all tasks can be executed relatively quickly with pen and paper or with
a computer (Crosetto & Filippin, 2013a; Maier & Rüger, 2010; Vieider et al., 2013).

Selecting a score in the SOEP questionnaire does not require much time. Although
respondents have to put a little more thought into their decisions in the HL task and in the IG,
as probabilities and payoffs are involved, the required time is still limited (Crosetto &
Filippin, 2013a). One aspect that causes the effort in the HL task and the IG to be somewhat
higher than in the SOEP questions is that compensation is usually required. The elicitation of
risk attitudes with the HL task and the IG is associated with a payout for every subject

TABLE 1 Strengths and weaknesses of the SOEP questions, HL task, and IG.

SOEP risk questions HL task IG

Implementation effort Low Low to medium Low to medium

Time effort Low Low to medium Low to medium

Costs Low Medium to high Medium to high

Comprehensibility Good Poor in some groups Good

Spectrum of risk attitudes Unlimited Unlimited Limited

Risk‐aversion coefficient Calculation not possible Calculation possible Calculation possible

Precision ‐ Intervals Almost continuous

Temporal stability Strong Poor Poor

Abbreviations: HL, Holt and Laury; IG, Investment Game; SOEP, Socioeconomic Panel.
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(Dohmen et al., 2011; Lönnqvist et al., 2015). The costs vary, depending on the chosen stakes in
the HL task and the IG.2

With respect to perceived complexity of the tasks, there are considerable differences. While
the SOEP risk questions do not require much explanation, the explanatory effort is higher in
the HL task and the IG due to the involved probabilities and different possible outcomes
(Dasgupta et al., 2019; Dave et al., 2010). Interestingly, researchers found that the SOEP
questions and the IG are relatively easy for subjects to understand (Charness et al., 2013, 2020;
Charness & Viceisza, 2011; Crosetto & Filippin, 2013a; Dasgupta et al., 2016; Holt &
Laury, 2014; Lönnqvist et al., 2015; Verschoor et al., 2016). In Crosetto and Filippin (2013a),
subjects rated the IG as comparatively simple to other tasks. Also, data from rural populations
in Senegal and Uganda showed no signs that the IG was not understood (Charness &
Viceisza, 2011; Verschoor et al., 2016). Regarding the comprehensibility of the HL task,
researchers are divided: While the HL task exhibited no comprehension problems when it was
piloted in the rural Ugandan population (Verschoor et al., 2016), 75% of answers were
inconsistent in a sample from rural Senegal (Charness & Viceisza, 2011). Dave et al. (2010) also
experienced increased comprehension questions and inconsistent responses in the HL task,
especially among people with a lack of mathematical understanding. Some researchers criticize
that the original HL task allows inconsistent answers as it is possible to switch back and forth
between the two lotteries (Andersen et al., 2006; Charness et al., 2013; Crosetto &
Filippin, 2013a). To prevent this, Andersen et al. (2006) propose to either offer an option
where subjects can indicate that they are indifferent between both lotteries or to ask subjects for
the row where they would switch from lottery A to lottery B, instead of letting them decide in
every row. Charness et al. (2013) warn that constraining consistent decisions might distort the
results.

Another aspect worth considering is the spectrum and precision of elicitable risk attitudes.
A strength of the HL task is that they cover the entire spectrum of risk attitudes, from risk
averse (choosing lottery A for more than the first four rows in the HL task) to risk seeking
(choosing lottery A for less than the first four rows) (Crosetto & Filippin, 2013a). Ranking
subjects based on their SOEP scores should be treated with caution, as subjects might interpret
the scores differently. For example, a score of 3 may indicate a higher level of risk aversion for
one person than for another, as only the scores 0 and 10 are clearly defined. In the IG, the range
of elicitable risk attitudes is limited, as IGs with positive (negative) expected return cannot
disentangle risk‐neutral from risk‐seeking (risk‐averse) individuals (both should invest the
whole endowment [invest nothing]) (Charness et al., 2013; Charness & Viceisza, 2011; Crosetto
& Filippin, 2013a; Dasgupta et al., 2016). With respect to the precision of elicited risk‐aversion
coefficients, the IG performs best: Due to the freedom of subjects to choose whatever share they
wish to invest, the risk‐aversion coefficients can be estimated almost continuously (Charness &
Viceisza, 2011; Crosetto & Filippin, 2013a). In the HL task, only intervals of risk‐aversion
coefficients can be estimated (Andersen et al., 2006; Crosetto & Filippin, 2013a).3 Andersen
et al. (2006) propose to reduce this problem by shrinking the interval iteratively: After selecting

2However, the stakes should be selected with caution, as it was found that the ranges and values used in the HL task
(and likely also in the IG) impact how subjects behave (Galizzi & Miniaci, 2016; Holt & Laury, 2002; Maier &
Rüger, 2010). For example, Holt and Laury (2002) and Maier and Rüger (2010) find that higher stakes in the HL task
increase risk aversion.
3For an example on how the risk‐aversion coefficients in the HL task and the IG can be calculated, see Appendix A. The
examples show that the range for the coefficient of risk aversion is smaller in the IG than in the HL task.
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a switching point in the original HL table, the table can be refined and subjects can choose a
new switching point within the refined interval (Andersen et al., 2006). In contrast, the scores
from the SOEP questionnaire do not allow to calculate coefficients of risk aversion (Charness
et al., 2020). Since risk‐aversion coefficients are usually calculated by equating the expected
utility of two options (containing payoffs with certain probabilities) to which the subject is
indifferent, the SOEP questions lack information to calculate such a coefficient (Anderson &
Mellor, 2009; Verschoor et al., 2016).

Another aspect is the temporal stability of the three measures: The subjects' decisions differ
substantially when they repeat the tasks after a certain time. Researchers have found that risk
attitudes elicited by the SOEP risk questions are stable over different time horizons (intervals
up to 10 years) (Drichoutis & Vassilopoulos, 2021; Galizzi & Miniaci, 2016; Lönnqvist
et al., 2015; Mata et al., 2018). A rather poor temporal stability is found for the HL task and the
IG. Lönnqvist et al. (2015) conclude that their data of the HL task exhibits no test–retest
stability over a time interval of 1 year, and Galizzi and Miniaci (2016) note that less than 33% of
participants choose the same switching point 1 year later. With respect to the IG, Holden and
Tilahun (2022) find a correlation of 0.135 for investment decisions made 1 year apart. They
attribute the low test–retest stability to a measurement error in the IG as the changes cannot be
explained by changes in the risk tolerance of real investments (Holden & Tilahun, 2022).

2.2 | Behavioral validity of the GRQ, HL, and the IG

In this section, we summarize findings from the literature on behavioral validity of the GRQ,
HL, and the IG. In HL and in the IG, elicited risk attitudes are based on observations of real
behavior (Andersen et al., 2006; Crosetto & Filippin, 2013a; Galizzi & Miniaci, 2016; Verschoor
et al., 2016). Subjects are expected to act according to true risk preferences (Andersen
et al., 2006). Yet, the evidence is rather mixed on whether behavioral measures outperform self‐
reported measures in terms of behavioral validity. There are two main approaches to evaluate
the behavioral validity of the measures: The first approach is to let subjects complete an
incentivized experimental task involving risk, to observe whether subjects behave according to
their elicited risk attitude. The second approach is to compare the elicited risk attitudes with
stated real‐world risky behaviors. Table 2 summarizes the findings on the behavioral validity
that are presented below.

Different kinds of experimental risky tasks have been used, to evaluate the behavioral
validity with the first approach: Dohmen et al. (2011) and Vieider et al. (2013) conducted a real‐
stakes lottery experiment in a German sample and in samples from over 30 countries,
respectively, and find that the behavior in the experiment is correlated with the choices in the
SOEP risk questions. Further, Lönnqvist et al. (2015) identify that the SOEP measure is
associated with choices in a trust game involving an investment decision, while no such
relation was found with the HL task. Charness et al. (2020) find that the SOEP questions, the
HL task, and the IG are associated with decisions in an experimental portfolio and mortgage
task, while the insurance task they administer is only associated with the HL task. In sum, each
measure is positively related to behavior in at least one of the experimental tasks.

With respect to self‐reported measures, Dohmen et al. (2011) find that the context‐specific
risk questions are the best predictors for reported risky decisions in the corresponding context
(they investigated reported behavior with respect to holding stocks, being self‐employed,
participating in sports, and smoking). For example, the financial‐context risk question is the
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TABLE 2 Behavioral validity tests of the SOEP questions, HL task, and IG.

SOEP HL IG

Experimental tasks Dohmen et al. (2011) Real‐stakes lottery experiment ☑

Vieider et al. (2013) Real‐stakes lottery experiment ☑

Lönnqvist et al. (2015) Trust game ☑ □
Charness et al. (2020) Portfolio task ☑ ☑ ☑

Mortgage task ☑ ☑ ☑

Insurance task □ ☑ □
Stated real‐world

behavior
Dohmen et al. (2011) Holding stocks ☑

Being self‐employed ☑

Participating in sports ☑

Smoking ☑

Guenther et al. (2021) COVID‐19‐related risky behavior □
Yang et al. (2022) Smoking □

Taking antibiotics □
Drinking □

Verschoor et al. (2016) Purchase of fertilizer ☑

Growing cash corps □
Proportion of sold agricultural

output
□

Holden and
Tilahun (2022)

Real‐world investment behavior □

Szrek et al. (2012) Smoking ☑ □
Heavy drinking ☑ □
Not using the seat belt ☑ □
Engaging in risky sex ☑ □

Lusk and Coble (2005) Consumption of genetically
modified food

☑

Galizzi and
Miniaci (2016)

Body mass index □ ☑

Consumption of fruits and
vegetables

□ ☑

Consumption of junk food □ □
Smoking □ □
Heavy drinking □ □
Savings □ □
Savings horizon □ □
Saving regularly □ □
Personal pension □ □
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best predictor for holding stocks (Dohmen et al., 2011). However, when it comes to the overall
explanatory power in the different contexts, the GRQ performs best (Dohmen et al., 2011).
Guenther et al. (2021) and Yang et al. (2022) cannot confirm Dohmen et al.'s (2011) findings.

In Guenther et al.'s (2021) study, the SOEP questions are not able to explain risky behavior in
the context of the COVID‐19 crisis (leaving the house, wearing a mask, having contact to others
inside and outside, etc.). In Yang et al.'s (2022) data, the GRQ cannot predict health‐related
behavior (such as smoking, taking antibiotics, or drinking). The evidence regarding the IG and the
HL task is similarly mixed. While Verschoor et al. (2016) find that IG choices are associated with
the purchase of fertilizer in their sample of farmers from rural Uganda, they find no relation with
other behaviors involving risk (e.g., growing cash crops, etc.). Holden and Tilahun (2022) find that
IG is not correlated with real‐world investment behavior. Szrek et al. (2012) examine the predictive
power of four risk attitude elicitation tasks, including the GRQ and the IG. They find that
smoking, heavy drinking, not using a seat belt, and engaging in risky sex can be predicted by the
GRQ but not by the IG. Regarding the HL task, Lusk and Coble (2005) find that it is significantly
related to the consumption of genetically modified food. Galizzi and Miniaci (2016) find that the
HL task is associated with the subject's body mass index, and the consumption of fruits and
vegetables while the SOEP questions are not. Other behaviors involving risk (such as the
consumption of junk food or the likelihood of saving regularly) cannot be predicted by either of
the measures (SOEP questions and the HL task) (Galizzi & Miniaci, 2016). Charness et al. (2020)
find that none of the three tasks is able to explain savings amount, share of risky investments,
owning real estate, insurance demand, or being self‐employed.

Again, the evidence on the behavioral validity with respect to stated real‐life behaviors is
rather mixed: While all measures are associated with some behaviors, they are not with others.
However, no clear pattern is observable. For example, the HL task and the IG—that have a
financial context—cannot reliably explain behaviors in financial contexts. On the other hand,
some behaviors without financial context are associated with the HL task (e.g., the
consumption of fruits and vegetables), but not with the IG. One potential explanation is that
the laboratory setting of the experimental task may have biased the decisions (Charness
et al., 2020) and the statements of real‐world behavior might be biased through self‐assessment
difficulties or deliberate misstatements (e.g., due to social desirability) (Aklin et al., 2005; Yang
et al., 2022).

TABLE 2 (Continued)

SOEP HL IG

Charness et al. (2020) Savings amount □ □ □
Share of risky investments □ □ □
Owning real estate □ □ □
Insurance demand □ □ □
Being self‐employed □ □ □

Note: This table provides an overview of studies that tested the behavioral validity of the SOEP risk questions, the HL task, and
the IG. The box (□ or ☑) indicates that the study tested the behavioral validity of the corresponding risk attitude measure. Only
if the box is ticked (☑), the risk attitude measure can explain the corresponding behavior in the experimental task/stated real‐
world behavior.

Abbreviations: COVID‐19, coronavirus disease 2019; HL, Holt and Laury; IG, Investment Game; SOEP, Socioeconomic Panel.
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2.3 | Correlations between the GRQ, HL, and the IG

In the following, findings on the correlations of the three measures that other studies have
produced will be summarized. Table 3 provides an overview of the studies and the observed
correlations—also mentions further measures that were examined in some of the studies, but
they will not be considered in more detail.

Frey et al. (2017) tackle the question of whether risk attitudes are stable psychological traits
by investigating 39 risk‐taking measures.4 They report that correlations between behavioral
measures and self‐report measures are generally rather low (mode of ρ = 0.06). Further, they
find that while the correlations among the group of behavioral measures are weak (mode of
ρ= 0.08), higher correlations are found among different self‐report measures (mode of
ρ= 0.20). The researchers interpret the results as an indication that self‐report measures
capture components of risk attitudes that are related, while behavioral measures capture
different components that are unrelated to the ones of self‐report measures and other
behavioral measures.

Attanasi et al. (2018) compare three elicitation methods, namely, the HL task, the GRQ, and
the lottery‐panel task by Sabater‐Grande and Georgantzis (2002).5 In the HL task, subjects had
to make 19 instead of 10 choices, thereby lottery A either paid €12 or €10, and lottery B either
€22 or €0.50 (Attanasi et al., 2018). One of the two behavioral tasks (HL task and the lottery‐
panel task by Sabater‐Grande and Georgantzis,(2002) was randomly selected to determine the
payoff (Attanasi et al., 2018). The researchers find a relatively high and significant Spearman's
rank correlation between the HL task and the GRQ (ρ = 0.47***). Further, they find, that the
correlation is much higher for females (ρ = 0.61***) than for males (ρ = 0.31*) and for subjects
who did not participate in a game theory class (ρ = 0.52***) than for subjects who participated
(ρ = 0.43**). Finally, they also find that the correlation of the GRQ and the HL task is highest
for subjects exhibiting a behavioral pattern of constant relative risk aversion in the lottery panel
task by Sabater‐Grande and Georgantzis (2002) (ρ = 0.80***).

Crosetto and Filippin (2013a) conduct a theoretical and empirical comparison of
five behavioral tasks, among them the HL task and the IG.6 Each subject completed only one
of the behavioral tasks but all subjects answered the GRQ (Crosetto & Filippin, 2013a).
The HL task was played with stakes twice as high as in the original task
(L p p L p p= (€4.00, ; €3.20, 1 − ), = (€7.70, ; €0.20, 1 − )A B ) and subjects were
compensated by playing the preferred lottery in one randomly selected row (Crosetto &
Filippin, 2013a). In the IG, subjects received an endowment of €4, and the investment was
multiplied by 2.5 with a probability of 50% (Crosetto & Filippin, 2013a). While the
researchers find that the HL task is significantly positively correlated with the GRQ
(ρ = 0.23*), the relation of the GRQ and the IG is not significant (ρ = 0.13). In contrast to
Attanasi et al. (2018), Crosetto and Filippin (2013a) note that the correlations are more
pronounced for males than for females.

Galizzi and Miniaci (2016) investigate the test–retest stability, the behavioral validity, and
the association of three elicitiation measures, including the HL task and three SOEP questions
(the GRQ, and the financial‐ and health‐context questions).7 Thereby, subjects completed two

4Frey et al. (2017) conducted a within‐subject design in Germany and Switzerland.
5Attanasi et al. (2018) employed a within‐subject design in Italy.
6Crosetto and Filippin (2013a) conducted a between‐subject design with a German sample.
7Galizzi and Miniaci (2016) conducted a within‐subject design in a UK sample.
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HL tasks with different stakes. In the HL task with low stakes, lottery A paid either £40 or £32,
and lottery B paid £77 or £2, and in the task with high stakes lottery A paid either £100 or £40,
and lottery B paid £180 or £2 (Galizzi & Miniaci, 2016). Only 10% of participants received a
task‐dependent payoff, and this payoff was determined by one of the 91 answers subjects gave
(Galizzi & Miniaci, 2016). The researchers collected data in two waves with a time lapse of 1
year. Regardless of the wave and the stakes of the HL task, they find that all Pearson's
correlation coefficients between the HL tasks and the SOEP questions are extremely low, most
are not significant, and some are even negative (correlation coefficients ranged from
ρ = −0.13* to 0.19). Only the GRQ and the high‐stakes HL task in the first wave as well as
the SOEP health‐context risk question and the high‐stakes HL task in the second wave are
significantly correlated (ρ = 0.01** and ρ = −0.13*, respectively) (Galizzi & Miniaci, 2016).

Lönnqvist et al. (2015) investigate the correlation, the temporal stability, and the
behavioral validity of the HL task and the seven SOEP questions.8 The HL task was played
with the original stakes, but in Euros instead of US dollars L p p( = (€2.00, ; €1.60, 1 − ),A

L p p= (€3.85, ; €0.10, 1 − ))B and subjects were compensated by playing the preferred
lottery in one randomly selected row (Lönnqvist et al., 2015). The estimated Spearman's
rank correlation coefficient between the HL task and a factor of the seven SOEP questions
is low and not significant (ρ = −0.04) (Lönnqvist et al., 2015).

Menkhoff and Sakha (2017) investigate the explanatory power of the IG, the GRQ, the SOEP
financial‐context risk question, and four other elicitation methods, for 11 risky behaviors.9 In
the IG, subjects received an endowment of 100 Thai Baht (approximately €2 at that time), and
the investment tripled with a probability of 50% (Menkhoff & Sakha, 2017). The final payoff
was determined by a random selection of one of the four incentivized tasks (Menkhoff &
Sakha, 2017). The researchers find only low and nonsignificant correlations of the IG with the
GRQ (ρ = 0.03) and SOEP financial question (ρ = 0.05).

Szrek et al. (2012) explore the predictive power for health‐related risky behaviors of four
elicitation measures, among them the GRQ and the HL task.10 The GRQ scale ranged from 1 to
7, in contrast to the original SOEP scale (Szrek et al., 2012). The HL task was played with South
African rand (R7.5 were $1 at that time), and lottery A paid either R25 or R20 and lottery B
either R48 or R2 (Szrek et al., 2012). Subjects were compensated by playing the preferred lottery
in one randomly selected row (Szrek et al., 2012). The researchers compute Spearman's rank
correlations between the measures, and find that the correlation between the HL task and the
GRQ is near zero and not significant (ρ = 0.02).

Summarizing these findings, two main observations can be made: First, the observed
correlations vary greatly. For example, between the GRQ and the HL task significant
correlations range from−0.13 to+0.47. Second, all correlation coefficients are below 0.5, and in
many cases not significant. These observations put the reliability of the measures into question.
Different explanations have been proposed: Some researchers suggest that low correlations may
be the result of context‐specific risk preferences (Reynaud & Couture, 2012; Weber et al., 2002),
hence elicited risk attitudes are only indicative of risk preferences in the corresponding context.
While Reynaud and Couture (2012) find evidence for this explanation,11 Dohmen et al. (2011)

8Lönnqvist et al. (2015) employed a within‐subject design with a German sample.
9Menkhoff and Sakha (2017) conducted a within‐subject design with rural households in Thailand.
10Szrek et al. (2012) conducted a within‐subject design in a sample of South African health center clients.
11Reynaud and Couture (2012) find that the HL task and the lottery‐choice task by Eckel and Grossman (2002) are only
significantly correlated with some contexts of a risk‐taking psychometric questionnaire (the domain‐specific risk‐taking
scale by Weber et al., 2002), namely, the financial and recreational context.
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find that the correlations between the context‐specific SOEP questions are large (ρ > 0.4). As
already mentioned in Section 2.1, they also find that the GRQ is highly correlated with the
context‐specific SOEP questions and interpret their findings as an indication for the existence
of an underlying risk preference trait. One would therefore expect that the GRQ is also
significantly and positively correlated with the HL task and the IG have a financial context.
However, this is only the case in the study of Attanasi et al. (2018) and for the HL task (but not
the IG) in the study of Crosetto and Filippin (2013a). Context dependence of risk attitudes is
also not an explanation in the considered studies, as the correlations between the SOEP
financial‐context risk question and the HL task/the IG are not significant in the study of Galizzi
and Miniaci (2016) and Menkhoff and Sakha (2017).

Another explanation is that subjects have difficulties revealing their true risk preferences
when there are comprehension problems with a task (Anderson & Mellor, 2009; Reynaud &
Couture, 2012). As already mentioned in the previous section, especially the HL task appears to
be complex (for some subjects) and inconsistent answers are a recurrent finding (Andersen
et al., 2006; Charness & Viceisza, 2011; Dave et al., 2010). In contrast, the IG and the SOEP
questions seem to be easier to understand (Charness et al., 2013; Holt & Laury, 2014; Lönnqvist
et al., 2015; Verschoor et al., 2016). Anderson and Mellor (2009) suggest that subject traits such
as the comprehension may be a factor that influences how strong the measures are correlated.
This may possibly explain why the correlations of the GRQ and the HL task are higher in the
study of Attanasi et al. (2018) and Crosetto and Filippin (2013a), where the sample consisted
mainly of students. What cannot be explained is why in the data set of Crosetto and Filippin
(2013a) the HL task but not the IG is significantly correlated with the GRQ, although the latter
should be easier to understand.

Other researchers suggest that low correlations may be the result of the experimental
design, especially the stakes involved in the tasks, the number of tasks subjects have to
complete or the incentive structure (Attanasi et al., 2018; Crosetto & Filippin, 2013a; Holt &
Laury, 2002). For example, a closer look at the addressed studies reveals that correlations with
the HL task are higher when moderate stakes are used, as in the study by Attanasi et al. (2018)
and Crosetto and Filippin (2013a) (payoffs range up to €22 and €7.7, respectively). In contrast,
the correlations are marginal and (or) not significant in the study of Lönnqvist et al. (2015),
where the stakes of the HL task were rather low (up to €3.85), and in Galizzi and Miniaci
(2016), where the stakes were rather high (up to £180). Although differences in correlations
cannot automatically be attributed to the level of stakes, it may be worthwhile to examine the
effect of the monetary stakes on the correlations between the elicitation measures in more
detail.

Furthermore, the number of tasks subjects had to complete might have an impact on the
elicited risk attitudes (Crosetto & Filippin, 2013a). On the one hand, the validity of elicited risk
attitudes may be affected as completing multiple elicitation measures may be tiring and the
attention might fade (e.g., in the study of Frey et al. (2017) subjects completed 39 tasks in a
daylong session (Anderson & Mellor, 2009). On the other hand, Crosetto and Filippin (2013a)
note that completing multiple incentivized tasks might also lead to hedging behavior in subjects
that are not risk averse (e.g., take little risk in the first task, then take a lot of risk in the second
task; Crosetto & Filippin, 2013a). This in turn may result in low correlations (Crosetto &
Filippin, 2013a).

Another factor that might impact elicited risk attitudes is the incentive structure: In some
studies, only one of the multiple incentivized tasks is randomly selected to determine the final
payoff (as in Attanasi et al. (2018) and Menkhoff and Sakha (2017)), or only a small randomly
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selected share of subjects receives a task‐dependent payoff (as in Galizzi and Miniaci, 2016).
This might lead subjects to perceive the involved monetary stakes only as hypothetical payoffs
if the likelihood that they impact their final payoff is small. Holt and Laury (2002) found that
real monetary payoffs are important, as subjects behaved differently when the task had
hypothetical stakes. These factors may have affected the observed correlations, as impacts on
the elicited risk attitudes consequently also affect the correlation of different measures.

In summary, the HL task has been investigated much more than the IG. To the best of the
author's knowledge, the correlation of the IG with the GRQ (or other SOEP questions) has only
been examined in two studies—in Crosetto and Filippin (2013a) and Menkhoff and Sakha
(2017)—that did not find any significant correlation. However, given that previous studies have
suggested that the IG is less complex than the HL task (Crosetto & Filippin, 2013a), one would
expect elicited risk attitudes to be more in line with true preferences and therefore more likely
to correlate with the GRQ. With the next chapter, this thesis will extend the evidence on the
association of the GRQ with the IG with an empirical analysis that differs especially in terms of
sample size, endowments, and IG settings.

3 | ASSOCIATION OF THE GRQ AND THE IG

3.1 | Theoretical considerations

Motivated by the fact that evidence on the relationship between the GRQ and the IG is
limited and that the few studies that investigated the relation found no significant
correlation (Crosetto & Filippin, 2013a; Menkhoff & Sakha, 2017), we now analyze how
the GRQ is associated with the IG. The relation will be investigated empirically with three
samples of students from the University of Hamburg that are larger (115, 325, and 420
subjects) than the data set used in Crosetto and Filippin (2013a), which consisted of only
86 subjects. This is expected to improve the statistical power of potential effects
(Cohen, 1988). Another particularity of the investigation is that in one of the data sets, the
parameters of the IG are defined so that the expected return of investing is not positive, as
in most other IGs, but negative (henceforth, IGs with positive/negative expected returns
are called positive/negative IGs). As already mentioned, this has implications on how
risky shares are interpreted in terms of risk attitudes. If it turns out that negative IGs are
valid risk attitude measures, this is particularly interesting in light of the inability of
positive IGs to disentangle risk‐neutral from risk‐seeking individuals.

3.2 | Data sets and experimental setups

The data used to examine the relations proposed in the previous section stem from three studies
conducted by the Institute for Risk Management and Insurance at the University of Hamburg.
Although the studies have different research emphases, they have in common that subjects
played different versions of the IG and answered the GRQ. For the purpose of this thesis, the
focus lies mainly on data that were collected on a basic version of the IG and answers to the
GRQ. For the sake of statistical power, the three data sets will be merged as one big data set and
analyzed altogether before they are analyzed individually. The experimental setup and the data
utilized for the analysis are explained in the following sections.
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3.2.1 | Data set 1: Impact of background risk on risk taking

The first data set stems from the study by Hinck et al. (2022), who investigated the impact of
background risks on risk taking. The experiment was conducted in August 2021 with 325
subjects in the lab at the University of Hamburg.

The following description of the experimental setup is based on Hinck et al. (2022) and
is illustrated in Figure 1: First, subjects completed a task, where sliders had to be aligned
within a specified time, to “mitigate concerns of a potential house‐money effect” (Hinck
et al., 2022, p. 23). Next, subjects were confronted with two versions of the IG. One was
similar to the IG presented in Section 2.3. The other one included a multiplicative
background risk, where the payoff of the “standard” IG is exposed to an additional risk.
The order in which subjects completed the two tasks was randomized. Additionally,
subjects completed a questionnaire on their sociodemographic background, which
included the GRQ. The final payoff was determined by a random selection of one of the
two IGs.

For the purpose of this paper, only the choices made in the standard version of the IG
(without background risk), answers to the GRQ, and sociodemographic data are investigated.
Investment decisions in the IG with background risk are not included, as the effect of the
background risk might bias the results. In the standard IG, subjects received an endowment of
€8 (=W0), and with a probability of 50% (=p), the asset yielded a return of 2.5 (=k); otherwise,
the investment was lost. As a result, the IG had a positive expected return of investing
(2.5 × 0.5 = 1.25 > 1). As all subjects completed the GRQ and the standard IG, the data set
contains 325 observations.

3.2.2 | Experiment 2: Impact of relative wealth placement on risk taking

The second data set was collected by Hillebrandt and Steinorth (2022) for a study
investigating whether individuals behave differently in the IG, if they know the
endowments of their peers and their own wealth standing within a group. The experiment
took place from April to June 2019 with 420 subjects at the WiSo‐Experimentallabor of the
University of Hamburg.

Hillebrandt and Steinorth (2022) describe the experimental setup as follows (the steps are
illustrated in Figure 2): After an introduction, subjects faced their first IG. Next, a cognitive
reflection test was completed, measuring how prone subjects are to behavioral biases and
overconfidence. Afterward, subjects played a second IG. They then completed a questionnaire
testing their financial literacy. After that, a third IG was conducted. The participants then
received their final payoff (determined by a random selection of one of the IGs) and completed
a questionnaire on demographic information that included the GRQ. After that, another
experiment was conducted.

FIGURE 1 Experimental procedure of Data set 1. Source: Own illustration based on Hinck et al.
(2022, p. 24).
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The IG endowments were presented in Taler, with 100 Taler corresponding to €0.25.
Every participant played the IG twice in a social setting,12 and once in a control setting
that was similar to the standard IG version (without grouping). The order in which
subjects played each setting was randomized. In this thesis, the focus lies on the data
gathered in the control setting, as subjects' decisions were not influenced by the
knowledge of the endowments of other players. In the control setting, subjects randomly
either received 3450 (€8.63) or 4050 Taler (€10.13). All settings have in common that the
positive development of the risky asset had a probability of 50% p(= ) and multiplied the
investment with k2.5 (= ). As a result, the expected return of investing was
positive (2.5 × 0.5 = 1.25 > 1).

Besides the data from the control setting of the IG and the GRQ, sociodemographic
information is included in the analysis as controls. As all subjects took part in the control
setting of the IG, the relevant data set contains 420 observations.

3.2.3 | Data set 3: Impact of a dark triad personality on gambling behavior

The third data set was collected by Jaeger and Steinorth (2022) for a study examining the
impact of a dark triad personality on gambling behavior in the IG. The concept of the dark triad
was first introduced by Paulhus and Williams (2002) and consists of three personality traits—
Machiavellianism, narcissism, and psychopathy—that typically exhibit manipulative, self‐
centered, and callous behavior (Harrison et al., 2018). Jaeger and Steinorth (2022) investigate
whether individuals who score high on the dark triad are more prone to excessive risk‐taking.
The experiment was conducted with 363 subjects at the WiSo‐Forschungslabor at the
University of Hamburg from July to August 2021.

Jaeger and Steinorth (2022) describe the experiment as follows (the steps are illustrated in
Figure 3): First, subjects completed the HL task. After that, they were asked to fill out a survey
on demographic information, which included the GRQ. Next, subjects played the IG. The last

FIGURE 2 Experimental procedure of Data set 2. Source: Own illustration based Hillebrandt and Steinorth
(2022, p. 29).

12Subjects were grouped into three, all members receiving different endowments. Subjects were informed about their
relative wealth standing in the group.
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part consisted of completing two personality questionnaires.13 The final payoff was determined
by the HL task, the IG, and attention checks that were incorporated into the questionnaires.

Different treatments were used in the IG to investigate whether dark triad personalities
behave differently and results are robust to the impact of the relative wealth position as well as
the skewness level of the risky investment. In sum, subjects were assigned to one of the six
treatment groups that are presented in Table 4. Like in Data set 2, some of the IG treatments
were played in a social setting14 (low/high) and others in the standard IG setting without
grouping (control). In the control treatment, subjects randomly either received €7 or €9 as
initial endowment. Additionally, the treatments differed concerning the skewness, hence the
parameters of the IG: Three treatments were played in a “default” setting with p = 0.3 and
k = 3, and the others in a “skewed” setting with p = 0.1 and k = 9.15 Note that in contrast to
Data sets 1 and 2, both skewness settings in Data set 3 lead to a negative expected return of
investing in the IG (3 × 0.3 = 0.9 < 1 and 9 × 0.1 = 0.9 < 1).

We include subjects that played the IG in the control settings (“Default Control” and
“Skewed Control”), where subjects were not influenced by social effects through a grouping.
This results in 115 observations. Besides the data from the IG and the GRQ, demographic
information is included in the analysis as controls.

3.3 | Results

3.3.1 | Summary statistics

Table 5 exhibits the summary statistics for a Merged Data set consisting of the three data sets,
as well as of the individual data sets. The Merged Data set consists of 860 observations, 325
from Data set 1, 420 from Data set 2, and 115 from Data set 3; 62.4% of respondents are female
in the Merged Data set. Also, in all three individual data sets there are more female than male

FIGURE 3 Experimental procedure of Data set 3. Source: Own illustration based on Jaeger and Steinorth
(2022, p. 8).

13The personality questionnaires were the Short Dark Triad questionnaire (developed by Jones & Paulhus, 2014), which
aims to measure the extent of dark triad personality traits, and the hypersensitive narcissism questionnaire (developed
by Hendin & Cheek, 1997), which aims to distinguish between overt and covert narcissists Jaeger and Steinorth (2022).
The order was randomized.
14Subjects were grouped into three, all members receiving different endowments. Subjects were informed about their
relative wealth placement in the group.
15The skewness was varied as literature has shown that “skewness is attractive in betting” (Jaeger & Steinorth, 2022, p. 3).
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subjects (female share ranging from 60.7% to 64.3%). Hinck et al. (2022) suggest that the reason
for this unequal gender distribution might be that the laboratory is located close to the
humanities and social sciences faculties.

In the Merged Data set, subjects are on average 25.7 years old. The lowest average age can
be observed in Data set 3 (24.8 years), while Data set 2 has the highest average age (25.9 years)
and also the widest age range (16–81 years). In Data set 3, there is one observation where the
age was not indicated. To avoid deleting the observation, the missing value was filled with the
(rounded) average age of 25 years.

In all data sets, the majority of subjects have a high school diploma (46.5%–53.9%) or a
bachelor's degree (31.3%–32.6%) as the highest level of obtained education. The share of
subjects with an economics‐related major range from 39.1% to 43.8%.

The average GRQ score in the Merged Data set, Data sets 1 and 2, is approximately 4.9. This
finding is in line with previous studies: For example, average GRQ scores are 4.4 and 4.8 in Dohmen
et al. (2011), and 4.5 in Galizzi and Miniaci (2016). In Data set 3, the average GRQ score is slightly
higher, namely, 5.0. Only in Data set 2 (and consequently in the Merged Data set), the ranges picked
in the GRQ spread across the whole scale (from 0 to 10). In all data sets, there are more subjects that
picked a GRQ score lower (42.6%–49.8%) than higher (37.1%–40.0%) than 5.

In the Merged Data set, 42.4% of the endowment is invested in the IG on average. The
highest average risky share is found in Data set 1 (52.8%) and the lowest in Data set 2 (35.6%).
While the studies that introduced the IG—Gneezy and Potters (1997) and Charness and Gneezy
(2010)—found higher average shares (44.8%–71.9% and 70.6%, respectively), the findings of
subsequent studies are more in line with the present results: The average share invested in the
IG is 36.4% in Menkhoff and Sakha (2017), 44% and 43% in Holden and Tilahun (2022), 46.5%
in Charness et al. (2020), and 47.8% in Charness and Viceisza (2011). In all data sets, the risky
shares spread across the whole range (some subjects invest nothing, others invest everything).
Recall that in Data set 3, the expected return of investing is negative; hence, only risk‐seeking
individuals should invest. Surprisingly, 93.9% of individuals invest a positive amount in the IG.

3.3.2 | Association of GRQ scores and risky shares in the IG

To test the relation of the GRQ and the IG statistically, first Spearman's rank correlation
coefficient is calculated. This allows to investigate whether the ordering of individuals

TABLE 4 Treatment overview of Data set 3.

Treatment

Number
of group
members

Initial
endowments in
€ W( )0

Probability p( )

of positive
outcome (%)

Multiple for
positive
outcome k( )

Default control ‐ 7/9 30 3

Default low 3 5/7/9 30 3

Default high 3 7/9/11 30 3

Skewed control ‐ 7/9 10 9

Skewed low 3 5/7/9 10 9

Skewed high 3 7/9/11 10 9

Note: This table is taken from Jaeger and Steinorth (2022, p. 11).
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according to their risk preferences is similar in the GRQ and in the IG. Table 6 presents
the results and shows that the rank correlation is positive and highly significant in all data
sets. In the Merged Data set, the rank correlation is ρ = 0.36***, indicating that there is a
positive interdependence between the GRQ and the IG; hence, risky IG shares tend to
increase with the GRQ scores. With a correlation coefficient of ρ = 0.46***, this relation is
even more pronounced in Data set 1, while the correlation is lowest in Data set 3
(ρ = 0.26***).

TABLE 5 Summary statistics.

Merged Data set
(Data sets 1–3) Data set 1 Data set 2 Data set 3

Observations 860 325 420 115

Gender (%)

Female/male 62.4/37.6 64.3/35.7 60.7/39.3 63.5/36.5

Age (years)

Mean (SD) 25.7 (5.633) 25.7 (4.933) 25.9 (6.275) 24.8 (4.924)

Minimum 16 19 16 18

Maximum 81 58 81 55

Degree (%)

High school 49.5 46.5 50.7 53.9

Bachelor 32.4 32.6 32.6 31.3

Other 18.1 20.9 16.7 14.8

Major (%)

Economics related 41.7 40.0 43.8 39.1

Other 58.3 60.0 56.2 60.9

GRQ score

Mean (SD) 4.90 (2.108) 4.93 (2.115) 4.85 (2.192) 5.03 (1.754)

Minimum 0 1 0 2

Maximum 10 10 10 9

Score </=/> 5 (%) 47.9/13.8/38.3 47.4/13.5/39.1 49.8/13.1/37.1 42.6/17.4/40.0

Risky share in IG (%)

Mean (SD) 42.4 (28.917) 52.8 (27.977) 35.6 (28.338) 37.7 (24.963)

Minimum 0 0 0 0

Maximum 100 100 100 100

δ = 0/ > 0/ = 100 5.8/83.1/11.1 4.3/79.1/16.6 6.9/84.5/8.6 6.1/89.5/4.4

Note: The table provides a descriptive overview of the data used for the empirical analysis. Standard deviations are reported
within parentheses. For the GRQ score, the row “score 5 (%)” indicates the percentage of individuals who picked a sore lower,
equal, or higher than 5 in the GRQ. For the risky share in the IG, the row “= 0/ > 0/ = 100” indicates the percentage of subjects
who invested nothing/a share/the whole endowment in the IG.

Abbreviations: GRQ, General Risk Question; HL, Holt and Laury; IG, Investment Game.
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Next, an ordinary least‐squares (OLS) regression analysis is conducted to investigate the
relation of the two measures in more detail.16 With the risky IG share as the dependent variable
and the GRQ score as the main independent variable, the regression tests the null hypothesis,
“There is no relationship between the risky share in the IG and the score in the GRQ.” To test
the robustness of the results, a second model with controls is estimated for each data set. The
regression results are reported in Table 7.

In the Merged Data set without controls (column 1), the GRQ coefficient is positive and
significant. The risky share on average increases by 5 percentage points with every additional
score point picked in the GRQ. The introduction of control variables does not alter this relation
(column 2). The three individual data sets yield similar results, with the coefficients differing
only slightly. The highest impact is found in Data set 1, where the risky share increases by 6
percentage points on average (columns 3 and 4), while the smallest impact is found in Data set
3 (4 percentage points) (columns 7 and 8). In sum, the results indicate that in all data sets the
GRQ scores are able to predict the risky shares in the IG. Hence, the null hypothesis can be
rejected.

The controls provide information about the plausibility of the results. In the Merged Data
set, the gender coefficient is significant and indicates that the risky share is on average 6
percentage points lower for females than for males (column 2). This result is in line with
previous findings that females are significantly more risk averse than males (e.g., see Dasgupta
et al., 2016, 2019; Dohmen et al., 2011; Galizzi & Miniaci, 2016; Guenther et al., 2021). Gender
also has a significant impact in the three individual data sets (columns 4, 6, and 8); however,
the relation goes in the opposite direction in Data set 3 (females on average invest 11
percentage points more than males).

A significant impact that was found only in Data set 3 concerns the impact of age (column
8): With every additional year of age, the risky share increases by 1 percentage point on average.
In contrast to this, Dohmen et al. (2005) find that subjects on average invest less with increasing
age, in an investment task that resembles the IG of Gneezy and Potters (1997).

Different initial endowments were used in the three data sets (Data set 1: €8; Data set 2:
€8.63 and €10.13 (converted in Taler); Data set 2: €7 or €9). The regression results indicate that
the endowment has a significant impact (at the 10% significance level) in Data set 3, indicating
that the risky share decreases with increasing endowment (column 8). This result is surprising,
as the endowments differed only by €2. In contrast, in the Merged Data set and Data set 2, the
endowment has no significant impact on the risky share (columns 2 and 6). Another interesting
finding concerns the binary variable “currency” in the Merged Data set (column 2): To
investigate the effect of the currency (Euros or Taler) on the risky share, the two data sets that
used Euros (Data sets 1 and 3) were attributed with the value 1, and Data set 2, which used

TABLE 6 Spearman's rank correlation of the GRQ score and the risky share in the IG.

Merged Data set (Data sets 1–3) Data set 1 Data set 2 Data set 3

Answer to GRQ 0.3638*** 0.4581*** 0.3543*** 0.2577***

Abbreviations: GRQ, General Risk Question; IG, Investment Game.

***p< 0.01 indicate the level of significance.

16The data requirements for the OLS regression have been checked; details can be found in Appendix B.
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Talers, was attributed the value 0. The currency coefficient is significant and indicates that 15
percentage points more are invested in the IG if the endowments are presented in Euros instead
of Talers. A possible explanation for this finding may be that although subjects were aware of
the exchange rate in Data set 2, the unfamiliarity with the fictitious currency might have led to
reluctance in the investment behavior.

The Merged Data set shows that the setting of the IG, hence, whether the IG has a positive
or negative expected return, it has a significant impact on the risky share (column 2). On
average, 11 percentage points more are invested in positive IGs (Data sets 1 and 2) than in the
negative IG (Data set 3). This finding is intuitive, as in positive IGs even risk‐averse individuals
might invest a share of the endowment, while only risk‐seeking individuals should invest
“something” in negative IGs. In other words, as risk‐neutral and risk‐averse individuals should
invest nothing in negative IGs, this should lead to a lower average risky share.

There are two controls that have no significant impact on the risky share in any of the data
sets: Whether subjects have an economics‐related major and the skewness of the IG setting.

The explanatory power in the Merged Data set is reasonable (R = 0.1552 without and
R = 0.2452 with controls). For Data set 1, the explanatory power is even higher with R = 0.2332

in the model without and R = 0.2532 in the model with controls. It stands out that the
explanatory power of Data set 3 without controls is relatively low (R = 0.0762 ) and increases
substantially when controls are added (R = 0.1942 ). In contrast, in Data sets 1 and 2, the
explanatory power in the models without controls is much higher, and increases only slightly
when the controls are added. Consequently, the GRQ variable appears to be responsible for a
relatively large part of the overall explanatory power in Data sets 1 and 2, while in Data set 3,
the controls have a larger impact on the risky share.

The results can be summarized follows: In all data sets, the correlations between the GRQ
scores and the IG shares are significant and positive, and the regression results reflect that the
GRQ score can predict the risky share in the IG. This result is robust to added controls and a
binary transformation of the GRQ. Although the relation is less pronounced in Data set 3,
where the IG had a negative expected return (lower correlation and lower explanatory power of
the GRQ), in sum, the results are evidence in support of Hypothesis 1 and indicate that answers
to these two measures of risk attitude are positively associated.

4 | CONCLUSION

In the last three decades, the elicitation of risk attitudes has attracted a great deal of research.
One reason for this is that after the development of measures boomed in the 1990s and 2000s,
subsequent studies often found that the relations between different measures were only weak.
This thesis delved into the discussion on the association of risk attitude measures by exploring
three elicitation methods, namely, the risk questions introduced in the German SOEP including
the GRQ, the HL task developed by Holt and Laury (2002), and the IG by Gneezy and
Potters (1997).

After reviewing the strengths and weaknesses of the measures as well as existing evidence
on their association, we provide new insights on the association between IG and GRQ, as
evidence on this relation is limited to date. Three data sets are used for the empirical analysis,
with the specialty that two different versions of the IG are included. The IG versions differ with
respect to whether the expected return of investing is positive or negative, which has
implications on the expected behavior.
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With respect to the research question—how the GRQ is associated with the two IG versions—
the empirical analysis revealed the following main patterns: First, in all data sets (and hence, in
both IG versions), there is a reasonable significant and positive association between risky shares
subjects choose in the IG and their GRQ score (correlations range from 0.26 to 0.46). Considering
that previous studies were unanimous in finding no significant association (see Crosetto and
Filippin (2013a) and Menkhoff and Sakha (2017), this finding is rather surprising and strengthens
the legitimacy and relevance of the IG.

Note that the subject from the experimental lab is not representative of the German
population in several dimensions: Subjects are younger, have better education, and are more
likely female. The results of this study encourage further investigation into the circumstances
under which the GRQ and IG are significantly associated.
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APPENDIX A: SCATTERPLOTS OF THE GRQ SCORES AND THE RISKY
IG SHARES
Figure A1

APPENDIX B: REGRESSION REQUIREMENTS AND RESULTS

VERIFICATION OF OLS REGRESSION DATA REQUIREMENTS
To ensure that OLS regression produces correct results, the data must fulfill certain
requirements (Backhaus et al., 2018):

the relation between the dependent and the independent variables is linear,
the residuals have an expected value of zero,
there is no correlation between the independent variables and the residuals,
the residuals have a constant variance (homoscedasticity),
the residuals are not correlated (no autocorrelation),
there is no perfect multicollinearity between the independent variables,
the residuals are normally distributed.

MODEL WITH METRIC IG AND METRIC GRQ VARIABLE
Several tests have been conducted to test whether the data for the OLS regression with the risky
shares in the IG as a dependent variable and the GRQ scores as the independent variable fulfill
the requirements. The results are reported in Table B1 (requirements that are not met are
highlighted by underlining).

Except for the homoscedasticity and normal distribution requirement (requirements (4) and
(7)), all requirements are fulfilled. Regarding the homoscedasticity requirement, the tests show
that the variance of the residuals is not constant in both models of the Merged Data sets and 2,
and in Data set 3 in the model without controls. To avoid incorrect results in statistical tests
resulting from heteroscedasticity, the regression parameters will be calculated on robust

FIGURE A1 Scatterplot of the General Risk Question (GRQ) and Investment Game (IG) in Data set 1.
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standard errors (Hayes & Cai, 2007). Further, both models in the Merged Data sets and 2 as
well as the model without controls in Data set 1 do not fulfill requirement (7) that the residuals
should be normally distributed. This may affect the quality of statistical tests; however, the
central limit theorem ensures that for samples with more than 40 observations, the significance
tests are correct irrespective of the distribution of the residuals (Backhaus et al., 2018). As all
data sets analyzed have more than 40 observations, this does not pose a problem in these data

TABLE B1 Verification of OLS regression requirements (metric IG, metric GRQ).

Controls

Merged Data set (Data
sets 1–3) Data set 1 Data set 2 Data set 3

No Yes No Yes No Yes No Yes

(1) Linear relation ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

(2) Expected value residuals ~0 ~0 ~0 ~0 ~0 ~0 ~0 ~0

(3) Correlation with residuals

GRQ 0 0 0 0 0 0 0 0

Gender ‐ 0 ‐ 0 ‐ 0 ‐ 0

Age ‐ 0 ‐ 0 ‐ 0 ‐ 0

Economics‐related major ‐ 0 ‐ 0 ‐ 0 ‐ 0

Endowment ‐ 0 ‐ ‐ ‐ 0 ‐ 0

Currency ‐ 0 ‐ ‐ ‐ ‐ ‐ ‐

IG setting ‐ 0 ‐ ‐ ‐ ‐ ‐ ‐

Skewed ‐ 0 ‐ ‐ ‐ ‐ ‐ 0

(4) Homoscedasticity 0.001 0.002 0.852 0.355 0.004 0.000 0.012 0.072

(5) Autocorrelation 1.865 2.045 2.192 2.188 1.979 1.960 1.938 1.845

(6) Multicollinearity ‐ 1.52 ‐ 1.05 ‐ 1.04 ‐ 1.07

(7) Normal distributed
residuals

0.000 0.000 0.015 0.439 0.000 0.000 0.062 0.062

Note: This table summarizes the results of tests that explore whether the requirements for the OLS are fulfilled. In row 1, the
linear relationship of the dependent variable with the independent variables is assessed (requirement (1)). The relationships
were examined in scatterplots, and the check sign (☑) indicates that an approximate linear relation was found between the
dependent and independent variable(s). Row 2 shows the expected value of the residuals. For requirement (2) to hold, these
values should be close to 0 (Backhaus et al., 2018). Row 3 exhibits the average correlation between the residual and the
independent variables, which allows insights into whether the residuals are uncorrelated with the independent variables. The
correlation should be 0 for requirement (3) to hold (Backhaus et al., 2018). Row 4 displays the p value of the Breusch–Pagan test
for heteroscedasticity. A p value greater than 0.05 indicates that the variance of the residuals is constant (Smigierski, n. d.). In
row 5, the results of the Durbin–Watson test are noted, which tests for autocorrelation between the residuals. As a rule of
thumb, the Durbin–Watson statistic should be between 1.5 and 2.5 for requirement (5) to hold (Smigierski, n. d.; Urban &
Mayerl, 2011). To check the independent variables for multicollinearity, the average VIF values are stated in row 6. These
values should be less than 10 for requirement (6) to hold (Backhaus et al., 2018; Smigierski, n. d.). To test whether the residuals
are normally distributed, the p values of the Shapiro–Wilk test are stated in row 7. Low p values indicate a significant deviation
from the normal distribution (Wolf & Best, 2010); thus, the p values should be larger than 0.05 for requirement (7) to hold
(Smigierski, n. d.). The underlined values do not fulfill the requirements.

Abbreviations: GRQ, General Risk Question; IG, Investment Game; OLS, ordinary least‐squares.
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sets. In sum, all requirements can either be met, flaws can be corrected or are not relevant in
this context. Hence, the results obtained by the OLS regressions allow to explore the hypothesis.

Figure B1

Figure B2

FIGURE B1 Scatterplot of the General Risk Question (GRQ) and Investment Game (IG) in Data set 3.

FIGURE B2 Scatterplot of the General Risk Question (GRQ) and Investment Game (IG) in Data set 2.
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