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Abstract

We assess the ability of different risk profiling measures to predict risk taking along a multistage process
that reflects individuals’ discovery of their willingness to take risks. We find that the individual willingness
to take risks varies along the process, but its level is always related to a composite measure of the individual
risk tolerance. Assessment of the risk tolerance cannot be substituted by a simulated experience, although
the latter can improve the perception of the risk and reward potential of the investment and motivate higher
risk taking. The risk tolerance measure addresses different notions of risk, but we found that the individual
loss aversion is the most powerful predictor of risk taking at all stages of the discovery process. By contrast,
we found that neither the self-assessed risk tolerance measures nor the investment experience are suitable
for consistently predicting risk taking at different stages of the process. © 2017 Academy of Financial
Services. All rights reserved.
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1. Introduction
An essential task in investment management is determining the amount of risk an investor

should take. In principle, investors can identify their willingness to bear risks through
investment in the financial market, but this approach is costly because a considerable amount

* Corresponding author. Tel.: +41 44 634 48 22.
E-mail address: kremena.bachmann@bf.uzh.ch (K. Bachmann)

1057-0810/17/$ — see front matter © 2017 Academy of Financial Services. All rights reserved.



340 K. Bachmann et al. / Financial Services Review 26 (2017) 339-365

of wealth can be lost because of inconsistent decisions during the learning process. To assist
investors and justify their recommendations as required by regulators, financial professionals
use various techniques to determine the level of risk that their clients should take.

In this study, we evaluate the suitability of such risk profiling techniques based on their
power to explain and predict individual risk-taking behavior. More important, we believe that
the relationship between the assessed risk profile and the subsequent risk taking may not be
stable if individuals are still in the process of identifying their willingness to take risks. The
involvement in such a process is likely because individuals are not always able to correctly
anticipate their emotional reactions to possible outcomes (Kahneman, 2009).

To shed some light on this issue, we conduct an experimental study on whether an
individual’s risk taking changes over different stages of a process along which private
investors are expected to correct misperceptions and discover their true willingness to take
risks. We then analyze how the predictability of risk profiling questions varies over the stages
of such a process. The goal of the study is to identify risk profiling measures that consistently
explain and predict risk taking at all stages of the discovery process. This consistency is
important because investment advisors usually do not know which stages of the process their
clients have completed. Using a risk profiler that is suitable only if clients have completed
certain stages of the discovery process can lead to inappropriate advice being given.

To determine the relevant stages of the discovery process, we consider evidence from
previous studies reporting that individual risk taking varies with certain characteristics of the
decision setting, such as ambiguity, personal experience, and feedback. We use these features
to design a multistage discovery process that reflects the investment experience of a typical
private investor. For simplicity, investors only decide between one risky asset and cash. At
the beginning of this process, it is assumed that investors decide within an ambiguous
situation, that is, they know the return of holding cash, but they do not know anything about
the return distribution of the risky asset. Afterwards, the ambiguity is revealed while
investors can choose its presentation format. In the third stage, the investors are asked to
answer some risk profiling questions. In the next stage of the process, they experience the
risk-return characteristics of different asset allocations based on simulations. In the fifth
stage, the investors learn which return they have made, and in the last stage, they are able to
reconsider their investment decision using a three-day break. We analyze whether individual
risk taking changes over the different stages of the process, that is, whether investors are
involved in a process of discovering their willingness to take risks. We then analyze the
ability of different risk profiling questions to consistently predict risk taking over the
different stages of the process.

Nobre and Grable (2015) suggest that risk profiling questions should consist of ques-
tions assessing the risk need (the amount of risk required to meet a particular financial
goal), the risk capacity (the client’s ability to absorb a possible financial loss resulting
from the financial risk taken) and the financial risk tolerance (an individual’s willingness
to accept uncertainty related to the outcome of a financial decision). Carr (2014) analyses
the optimal weighting of these dimensions. In this study, we focus on the assessment of
the investors’ risk tolerance, which is a psychological concept. The assessment of the
risk need and the risk capacity are purely financial issues that can be managed with
financial planning tools. In our study, we use a broad definition of risk tolerance that
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refers to losses as an additional notion of risk. Moreover, we use different formats to
state the questions, that is, some questions use lotteries and others use verbal alterna-
tives; we also consider questions based on a self-assessment. Additionally, we consider
other factors that may affect risk taking, such as investment experience outside of the
study and the investors’ risk awareness as reflected in the misperception of the true
risk-reward profile of their investments. We also analyze whether simulated experience
can substitute for risk profiling based on questions.

We find that some aspects of an individual’s risk tolerance explain risk taking at all stages
of the decision process, while the risk awareness and the self-stated investment experience
cannot. Moreover, although simulated experience improves risk awareness and supports risk
taking, it cannot be used as a substitute for the assessment of individual risk tolerance when
explaining and predicting risk taking. While risk tolerance can be measured in many ways,
we find that the individuals’ loss aversion is the most suitable measure because it most
accurately predicts the risk-taking behavior of investors involved in a process of discovering
their willingness to take risks. Of interest, we find that self-assessed risk tolerance measures
are not suitable for predicting risk taking at any stage of the decision process. If individuals’
risk tolerance cannot be assessed and one must rely on socioeconomic characteristics, then
only gender can be used as a predictor of risk taking.

The results of our study have important policy implications. Regulators in most developed
countries acknowledge the importance of using risk profilers, and professional advisors use
various risk profiling methods to justify their recommendations. However, it is not clear
whether the risk profilers used in practice are suitable for determining the optimal level of
risk taking (Brayman, Finke, Grable, and Griffin, 2017). Their external validity is sometimes
tested based on real asset allocation decisions (Corter and Chen, 2006; Gilliam, Chatterjee,
and Grable, 2010; Grable and Lytton, 2003; M. Guillemette, Finke, and Gilliam, 2012;
Wiirneryd, 1996). However, it is unclear whether an asset allocation at a certain point of time
is a good assessment criterion because clients may still be involved in the process of
discovering their willingness to take risks. Our analysis explicitly considers the impact of this
discovery process on the suitability of different risk profiling measures. We identify mea-
sures that consistently predict risk taking at every stage of the process. This is important for
advisors because they usually do not know which stages of the discovery process their clients
have already passed. Using questions that consistently predict risk taking at all stages of the
discovering process increases the probability that clients remain satisfied with the recom-
mendations. At the same time, making recommendations based on questions that consistently
predict risk taking at all stages of the discovery process should support the advisors’
confidence that these recommendations match the clients’ risk tolerance and do not encour-
age misperceptions that are corrected over time.

2. Literature review and research hypotheses
Using different measures of individual risk tolerance, previous studies have found that

these measures are related to individual investment risk taking. For example, Barsky and
Juster (1997) find that risk tolerance revealed in a hypothetical choice between uncertain
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income streams predict stock ownership. Yook and Everett (2003) find a significant positive
correlation between the total score of several risk tolerance measures and the percentage of
actual stock holdings in portfolios. Corter and Chen (2006) propose another risk tolerance
measure and show that it is positively correlated with the riskiness of the actual investment
portfolios chosen. Wirneryd (1996) finds a significant relationship between the individual
investment attitude based on risk-return considerations and the risk in portfolios of Dutch
households. Gilliam et al. (2010) find a significant positive association between broadly used
risk tolerance measures and equity ownership.

While these studies show that the evaluation of the individual risk tolerance is important
for explaining investment risk taking, it remains unclear whether the explanatory power
remains stable over time because individuals change their risk-taking behavior. For this
reason, we designed a controlled laboratory experiment that stays close to the advisory
processes found in praxis so that the setting is not too artificial.

We also consider information- and experience-driven changes in investment risk taking.
At the beginning, investors are expected to make investment decisions under ambiguity,
that is, they may not know the exact risk-return characteristics of the alternatives that
they consider for investment. Frisch and Baron (1988) argue that ambiguity arises from
the perception of missing information relevant for a probability judgment, which sup-
ports the normative status of utility theory. From a theoretical perspective, ambiguity is
important because it motivates lower stock market participation compared with the basic
expected utility model (see, e.g., Epstein and Schneider, 2010 among others). Antoniou
et al. (2015) confirm the prediction of the theoretical ambiguity literature. In particular,
they find that an increase in ambiguity is associated with reductions in capital flows into equity
mutual funds. Hence, providing information that makes probability judgments easier can increase
risk taking. Based on this literature, we conjecture that our participants take less risk under
ambiguity, that is, in the first stage, than in later stages of our experiment.

In the second stage of our experiment, the participants can acquire three different
descriptions of the returns of the risky asset. Previous studies have shown that even if
individuals are provided with identical information, the presentation format can influence the
utilization of information. In a classic demonstration of this phenomenon, Slovic et al. (1978)
observe that the presentation of formally equivalent statistics influences risk-taking behavior.
Similar types of framing effects have been reported in the literature on decision-making
(Tversky and Kahneman, 1981). Framing effects have been extensively used to modify
risk-relevant behavior, facilitate cooperative conflict resolutions and advance knowledge or
attitudes (see Rohrmann, 1992 for an overview). We focus on the last aspect and hypothesize
that individuals have different abilities to utilize information in different formats, which may
influence their risk-taking behavior.

In the third stage of our experiment, the participants are asked to answer questions
regarding their risk tolerance and investment experience. The effect, wherein individuals
change their behavior in response to being monitored, has been widely discussed in health
economics (Parsons, 1974) and consumer behavior research (Fitzsimons and Williams,
2000). In our study, we consider the existence of assessment effects in the context of
investment risk taking.
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In the fourth stage of our experiment, the participants can experience the return distribu-
tion by drawing samples from it before they can decide how to invest. Converging findings
show that there are systematic differences between decisions based on experience and
decisions based on description (Hertwig and Erev, 2009), particularly in the context of
decisions involving rare events (Hertwig et al., 2004). Kaufmann et al. (2013) show that
communicating risk with the help of experience sampling and graphical displays leads to
higher risk taking. Goldstein et al. (2008) suggest that using interactive methods allowing
individuals to explore the probability distributions of potential outcomes can be beneficial for
inferring preferences and predicting subsequent risk-taking behavior. In line with this
research, we hypothesize that experience sampling influences risk taking. In particular, we
analyze whether experience sampling can substitute the assessment of individual risk toler-
ance in explaining and predicting risk-taking behavior.

In the next stage of our experiment, the participants have a break of three days in
which they can carefully study the design of the experiment and what they have done so
far. Previous research suggests that decision-makers switch to simpler strategies if
decisions have to be made under time pressure, which can explain preference reversals
(Ordonez and Benson, 1997). In negotiations, for example, individuals appear to reach
higher-quality agreement after a break because the latter allows them to assess strategies
and behavior (Harinck and De Dreu, 2008). We hypothesize that giving individuals
time to re-evaluate the decision problem may have an impact on their subsequent risk
taking.

In the last stage of our experiment, the participants learn the outcomes of their previous
investments and decide for the last time whether and how to revise them. Given that all
relevant information is available before a decision is made, the outcome of a decision should
not be used to improve subsequent decisions. However, Fischhoff (1975) demonstrates the
existence of a hindsight bias, an effect of the outcome information on the judged probability
for different outcomes. His explanation for observing this bias is that outcome information
calls attention to information that would make a decision good or bad. For example, bad
outcomes call attention to the risks associated with the decision as an argument against taking
the decision. We hypothesize that the information on the outcomes of previous decisions may
affect the subsequent risk taking and take the effect into account when assessing the
suitability of risk profiling questions.

3. Survey design

Our study consists of six stages, which differ either in the information that individuals
receive or in the tasks they have been asked to perform. Table 1 provides an overview of all
stages. It specifies the information that is also provided at every stage and the tasks that the
individuals were asked to perform after receiving the new information.

A common task at every stage is an investment decision. At each stage, individuals were
given financial wealth expressed in Experimental Currency Units (ECU) and asked to split
the wealth between a risky and a riskless asset. The amount in ECU varied between
individuals dependent on their true financial situation, which was assessed in advance
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Table 1 Survey structure

New information provided Tasks after receiving new
information
Stage 1: Ambiguity Information on the return of Make an investment decision
the riskless asset
Stage 2: Return information Return distribution of the risky Make an investment decision

asset (described by graphics,
scenarios, and statistics)

Stage 3: Profile estimation 1. Answer questions assessing risk
tolerance, financial knowledge,
and experience

2. Make an investment decision
3. Answer risk awareness
questions (1st time)

Stage 4: Simulated experience Experience the risk-return 1. Answer risk awareness
profile of different asset questions (2nd time)
allocations through 2. Make an investment decision
simulations

Stage 5: Time break Three days break Make an investment decision

Stage 6: Feedback Receive report of returns with 1. State satisfaction/expectations
all previous investment 2. Make an investment decision
decisions

together with other demographic and socio-economic characteristics. The monetary value of
all ECU endowments was 10 Euros. The investment decisions between stages were inde-
pendent. The individuals were informed that one of their investment decisions would be
relevant for their final payment and that the relevant decision would be determined randomly
at the end.

In the first stage, individuals were asked to make an investment decision under
ambiguity, that is, the individuals knew only the return of the riskless asset but did not
have any information about the return distribution of the risky asset. The latter was
provided in the second stage using different formats. The graphical format used histo-
grams, the verbal format was based on scenarios, and the statistical format used
descriptive statistics (see Appendix D). The individuals could use the format that they
considered most helpful. Acquiring information was not mandatory. Subsequently,
individuals were asked to make an investment decision for a second time. In the next
stage, no new information was provided. Instead, individuals were asked questions about
their risk tolerance, financial knowledge and investment experience. Because asking
such questions may change the individual risk-taking behavior, we asked individuals to
make a third investment decision. Afterwards, individuals were asked questions assess-
ing their risk awareness, that is, their understanding of the risks and rewards associated
with different investment decisions.

In the fourth stage, individuals received the opportunity to experience the risk of invest-
ment in the risky asset. Our experience sampling tool is based on the same idea as the tool
used by Kaufmann et al. (2013), that is, individuals draw different scenarios on the realiza-
tion of the risky asset and observe how the return distribution of different asset allocations
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emerge. To make asset allocations comparable, we allowed individuals to simultaneously
observe the final outcomes of two different asset allocations side-by-side (see Figure A-1 in
the Appendix). Both asset allocations use the same return realization of the risky asset and
the same investment horizon of 1 year. The simulations were restarted with every change
in the asset allocation. To avoid framing effects, both return distributions were scaled in the
same way. After observing the final outcomes of at least two hundred scenarios (this required
at least 10 drawings), the individuals were asked to answer our risk awareness questions for
the second time and to make an investment decision. The payoff of the participants depended
on this investment decision but not on the decisions made while drawing outcomes of
different asset allocations.

In the fifth stage, the individuals were informed that they would have a three-day break.
In reality, the clients received factsheets with investment information. Similarly, individuals
were given the option to download the description of the assets for further reference. After
a three-day break, the individuals were asked to make their fifth investment decision. They
were also asked to state which investment decision they consider the best one, that is, which
investment decision they would consider relevant for their payment.

In the sixth stage, individuals received a report on the realized returns with each of their
five investment decisions. For each decision, the individuals were asked to state to what
degree they are satisfied and to what degree they are positively or negatively surprised.
Afterwards, the individuals were asked to make a final investment choice.

3.1. Incentives

The participants received a base payment of 13.25 Euros and a payoff based on one of
the five investment decisions. The relevant decision was selected randomly. The payoff in the
selected decisions depended on the preferred exposure to the risky asset and the return of the risky
asset, which was drawn from the previously communicated distribution of the risky asset.
Additionally, the participants could gain or lose 2% (20 cents) of their initial endowment with
every correct (incorrect) answer to the risk awareness questions. All questions that were relevant
for the final payment were marked in red, and the instructions stated that this indicates payoff
relevance. The median completion time was 27 min, excluding the three-day break. The total
payments varied between 21.75 and 27.65 Euros with an average of 26.20 Euros.

3.2. Participants

The survey was conducted online' in January 2014 with 439 Germans aged between 18
and 65. The sample was provided by a professional market research agency and included
individuals from a national panel of over 200,000 Germans. Socioeconomic questions were
used to apply a quota sampling procedure for selecting participants from the general
population to ensure the representativeness of the sample.

We used the time those individuals took to read the instructions and answer the questions
to exclude those that are most likely to provide random answers.” The filtered sample
includes 320 individuals. A summary of their socioeconomic profiles is provided in Table
B-1 in the Appendix. Most of the individuals have no children, have a high school degree,
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work as employees without supervisory responsibilities, have a monthly net income between
1,300 to 2,600 Euros and have a financial wealth of between 2,500 to 10,000 Euros.

3.3. Definitions

The risk profiler is a composite of several measures that predicts investment risk taking.
Nobre and Grable (2015) suggest that risk profiling questions should consist of questions
assessing the risk need (the amount of risk required to meet a particular financial goal), the
risk capacity (the client’s ability to absorb a possible financial loss resulting from the
financial risk taken) and the financial risk tolerance (the individual’s willingness to accept
uncertainty related to the outcome of a financial decision). We focus on the assessment of the
risk tolerance since the first two concepts are purely financial issues that can be managed
with financial planning tools. In our setting, the investor’s risk tolerance is a multidimen-
sional construct that reflects an investor’s attitude toward risk. We use different notions of
risk that refer to the uncertainty of payoffs and to payoffs below a certain reference point.
The attitude toward uncertainty is usually called risk aversion. The attitude toward payoffs
below a certain reference point is called loss aversion. We consider the investor’s risk
awareness as an additional driver of risk taking. It measures the discrepancy between the
perceived and the true risk-reward characteristics of the chosen investment.

3.4. Questions design

The questions used in our survey assess an individual’s risk tolerance, risk awareness and
investment experience, along with socio-economic and demographic characteristics as po-
tential drivers of financial risk taking. The questions are provided in the Appendix.

The questions assessing an investor’s risk tolerance address different notions of risk. In
line with the results of Morrison and Oxoby (2014), who find that loss aversion influences
decisions involving risk beyond the effects of risk aversion, we assess risk aversion and loss
aversion as separate descriptions of an individual’s risk tolerance. The estimation of indi-
vidual’s risk aversion is based on self-assessments. An individual’s loss aversion is estimated
with a price table task, which is similar to the one used by Holt and Laury (2002). In this task,
the individuals were asked to make eight binary comparisons. In each comparison, they were
asked to select either the safe option or the risky option. A control question describing the
individual’s choice asks individuals to confirm or revise their decision.

The question assessing individual risk awareness aimed to evaluate an investor’s under-
standing of the return distribution of the risky asset. We used multiple choice questions with
individually randomized answers. In addition to answering the questions, we asked individ-
uals to state their confidence in the correctness of their answers.

To compare the different question types, we apply the same seven-point Likert scale to all
questions.® For three questions, it was not appropriate to use a Likert scale. In these cases,
we ensured that the questions had seven answer options with equal psychological distance,
that is, we used numbers such as years for the financial experience questions, which precisely
defined the steps between the answers. In the empirical analysis, we treated the answers as
an interval-based numerical dataset.*
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Table 2 Risk taking revisions

Percentage of Risk taking revisions

indiVifiua]S_ Mean (in%) SD (in%) Min (in%) Max (in%)
changing risk

taking
Stage2-Stagel (after ambiguity reduction) 55.9% —0.067 14.43 —-57 50
Stage3-Stage? (after risk profiling questions) 46.3% 0.214 12.39 —55 55
Stage4-Stage3 (after experience sampling) 61.3% 4.019 16.07 —90 65
Stage5-Stage4 (after break) 54.1% —1.299 13.09 —60 50
Stage6-Stage5 (after outcome feedback) 56.2% 0.189 12.87 —50 55

4. Results
4.1. Risk taking along the discovery process

Our experimental design is based on the idea that individuals facing investment decisions
are involved in a process of discovery of their willingness to take risks. To test this
conjecture, we first consider the individual changes in risk taking between two subsequent
stages of the decision process. Because participants had to allocate their wealth between a
risky and a risk-free asset, we take the percentage allocated in the risky asset as the measure
of risk taking. The summary statistics reported in Table 2 suggest that at all stages, about half
of all individuals change their risk-taking behavior. Except in the stage after the experience
sampling, where individuals increase their risk taking by 4% on average, risk-taking revi-
sions do not have a clear direction.

Next, we test whether the risk-taking revisions are associated with individual character-
istics observable in the corresponding stages. The relevant characteristics of the stages that
differ among individuals are linked to (1) the demand for information on the risky asset, (2)
an improvement in the risk awareness after the experience sampling, and (3) the average
portfolio return with past investment decisions, expectations and satisfaction with these
returns. Table 3 reports summary statistics on risk-taking revisions between two subsequent
decisions. It also includes the results of independent tests on the association of individual
characteristics observed in different stages of the decision process and the risk-taking
revisions.

We observe that individuals acquiring information on the risky asset are more likely to
change their risk taking. Additional Kruskal-Wallis tests, which are not reported here,
suggest that the description type (verbal, graphical, and statistical) is not associated with
either the risk-taking revisions or with the level of risk taking in the second stage. Further-
more, we observe that individuals who improve their awareness of extreme outcomes and
extreme positive outcomes after the experience sampling take more risks on average. Finally,
we observe that individuals change risk taking after receiving information on the outcomes
of previous decisions. In particular, individuals who receive a bad (nonpositive) outcome on
average reduce their risk taking, while individuals who receive a good (positive) outcome
with previous decisions take more risks on average. Significantly more individuals change
their risk taking after bad outcomes than individuals who change their risk taking after good
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outcomes. Similarly, individuals disappointed by their previous returns tend to reduce their
risk taking, while individuals pleased with their previous returns tend to increase their risk
taking.

So far, we find that the stages of the decision process under consideration are
associated with significant changes in individual risk taking. However, do individuals
learn something about their willingness to take risks by going through the various stages?
To answer this question, we asked individuals to state which investment decision they
consider the best one. To avoid outcome bias, we asked this question just before the
outcomes of their investment decisions were revealed to them. Approximately 30% of
the participants who revised their risk taking stated that their best decision was the last
one. Moreover, the association between risk-taking revisions and choosing the last
decision as the best one is statistically significant (Fisher exact test, p value: 0.02). We
conclude that the provided decision stages were helpful for participants involved in a
process of discovering their willingness to take risks.

Overall, we find that individual risk taking changes significantly after receiving informa-
tion on the risky asset, while the direction of risk taking depends on individual risk tolerance.
Moreover, the individual risk taking increases significantly after improving risk awareness in
the experience sampling task. Although the outcome of previous decisions should not change
risk taking because outcomes cannot be accumulated over stages, there are significant
differences in the risk-taking revisions of individuals experiencing good or bad outcomes on
average with their previous decisions. Finally, we find that individuals involved in discov-
ering their willingness to take risks learn successfully over the different stages of the decision
process.

4.2. Explaining risk taking

In this section, we analyze the importance of individual risk tolerance, risk awareness and
financial experience as drivers of investment risk taking. The evaluation of these factors is
based on a factor analysis. The analysis shows that the answers to the twenty questions
evaluating individuals’ risk tolerance, risk awareness and financial experience can be sum-
marized by three different factors, which are not correlated with each other (see Appendix
C for more details).

In the following, we use these factors in ordinary least square regressions to test whether
they can explain risk taking as expressed by the amount of wealth that individuals invest in
the risky asset at each stage. Previous research suggests that demographic and socioeconomic
characteristics influence an individual’s risk tolerance and risk taking (see, e.g., Grable and
Lytton, 2003; Sundén and Surette, 1998; Xiao, 1996). To take this into account, we use age,
gender, number of children, education, job position, income, and wealth as controls in each
regression. As an additional independent variable, we include an indicator variable that
captures whether the individual acquires information on the risky asset. In the last decision,
we include the average return of the previous investment decisions as a further independent
variable. The estimation results are reported in Table 4.

We observe that among the three factors capturing the individuals’ risk tolerance, risk
awareness and financial experience, only the risk tolerance factor explains risk-taking
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behavior at each stage. Its impact on risk taking is stable over different decision modes
and is robust to demographic and socio-economic characteristics used as controls. The
influence of the factors capturing individuals’ risk awareness and financial experience on
risk taking is statistically not significant. Interestingly, we observe significant and robust
differences in the risk taking associated with the demand for information on the risky
asset. Individuals who acquire information on the risky assets invest approximately 10%
more in the risky asset than individuals who do not acquire information on the risky
asset. Although individuals cannot accumulate returns of subsequent investment deci-
sions, their risk taking in the last stage changes with the average outcome of their
previous investment decisions.

4.3. Predicting risk taking

In the following, we analyze which combination of single questions has the strongest
predictive power for risk-taking behavior. We apply a cross-validation analysis.” Table 5
reports the estimated coefficients of the variables with significant predicting power. The risk
awareness assessed before (after) the experience sampling is used to predict the first (last)
three investment decisions. The average return on past investment decisions is used only in
the prediction of the last decision.

We observe that risk taking at all stages is best predicted by individuals’ loss aversion. Its
assessment is, however, critical. While a general loss aversion formulation is not helpful in
predicting risk taking, a verbal question specifying returns and a quantitative version based
on a lottery question are able to predict risk taking in all decision modes. By contrast, risk
aversion measures based on self-assessment cannot be used to predict risk taking. Another
important predictor of risk taking is the returns of past decisions. Although the odds of the
outcomes do not change over time and returns cannot be accumulated, the participants take
significantly more (less) risks after observing positive (negative) average returns with their
past investment decisions.

In the context of the assessed risk tolerance, demographic and socio-economic character-
istics have limited predictive power. To shed some light on them, we repeat the cross-
validation analysis while excluding the risk tolerance and the investment experience ques-
tions. Table 6 reports the estimation results.

We observe that among the demographic and socioeconomic characteristics, gender is the
most reliable variable in predicting risk taking. Females are less willing to take risks. As in
the previous analysis, age can be a good predictor of risk taking but only in certain situations,
while income loses predicting power. The effect of previous returns on subsequent risk-
taking remains strong.

We conclude that assessed individuals’ loss aversion is the most powerful predictor of risk
taking at all stages and in the context of all other questions that we use with a potential
impact on risk taking. We find that self-assessed knowledge, experience, and risk aversion
are not useful in predicting individual risk taking. Finally, recommending less risky invest-
ment can be optimal for female individuals if there is no option to assess their risk tolerance.
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S. Discussion and implications

We found strong evidence that individuals’ risk tolerance is a more powerful predictor of
risk taking than investors’ self-assessed investment experience or risk awareness. More
important, we found that the association between risk tolerance and risk-taking remains
significant over different decision stages related to reduced ambiguity, extended experience
and feedback on previous decisions.

With respect to the impact of these decision stages on risk taking, we find that reduced
ambiguity influences risk taking, but it does not necessary increase it, as documented by
Antoniou et al. (2015). However, we find that extending experience with the risky asset
through simulations increases risk taking, which is in line with the results of Kaufmann et al.
(2013) and Bradbury et al. (2014). Furthermore, we observe that the average return of previous
decisions influences the subsequent risk taking, although the odds of the possible outcomes
remain the same and returns cannot be accumulated. As suggested by Fischhoff (1975), this
behavior can be explained with a stronger focus on the risks (returns) after negative (positive)
returns. It is also possible that individuals use outcomes to judge the quality of their previous
decisions, as suggested by Baron and Hershey (1988). In this case, positive (negative) outcomes
would increase (decrease) the confidence in the decision quality and individuals would increase
(decrease) subsequent risk taking, as we observe in our experiment.

Risk tolerance measures are usually multidimensional, and the components can be correlated
(Guillemette et al., 2015). We analyzed the predicting power of the components and found that
an individual’s loss aversion is the most powerful predictor of risk taking in all decision modes.
This supports previous findings that loss aversion measures are more powerful in explaining risk
taking than the Arrow-Pratt measures (Guillemette et al., 2012). Moreover, we found that
self-assessed risk tolerance has no predicting power. Among the questions assessing investment
experience, we found that only the question related to the trading frequency can predict risk
taking in some decision modes. Overall, we do not find a positive relationship between invest-
ment experience and risk taking, which is in contrast to the results of Corter and Chen (2006).
This can be explained with differences in the measures. While Corter and Chen (2006) ask
individuals to evaluate their investment experience relative to other individual investors, our
measures are based on individual trading experience.

Several studies suggest that risky asset ownership can be explained by demographic and
socioeconomic variables (see for example Grable and Lytton, 2003; Sundén and Surette,
1998; Xiao, 1996). We found that among the assessed demographic and socioeconomic
characteristics, only gender can predict risk taking in most decision modes but only if the
individual risk tolerance cannot be assessed. If the risk tolerance is assessed, gender loses its
predicting power. This observation is in line with the results of Wirneryd (1996) and Grable
and Lytton (2003).

Our results have important implications for the design of risk profilers. To predict risk
taking, the latter should include questions assessing the individual risk tolerance, which
should include a question on the investor’s loss aversion. Gender is a useful predictor of risk
taking only if the risk tolerance cannot be assessed. By contrast, self-assessed investment
experience is not a reliable predictor of risk taking, but the stated trading frequency can be
used as a proxy for investment experience when predicting risk taking.
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Another important predictor of risk taking is the past investment return. The latter influences
the desired risk taking beyond the level based on the assessed risk tolerance. Hence, in addition
to assessing an individual’s risk tolerance, a risk profiler should either consider an investor’s
misperception of risk, or the latter should be corrected through additional measures. Otherwise,
investors will be willing to revise their risk taking for no good reason.

6. Conclusions

The optimal amount of risk an investor should take is one of the most important issues in
wealth management. Since answering this question through real-life investment experience
can be costly, several studies suggest risk profiling measures and prove their suitability by
showing that they can explain risk taking.

This article studied whether and how the suitability of different risk profiling measures
varies if individuals are involved in a process of discovering their willingness to take risks.
This process included situations with reduced ambiguity, extended experience and feedback
on the outcomes of previous decisions, which reflect the experience of private investors. The
results show that private investors are often involved in the process of discovering their
willingness to take risks. The average risk-taking behavior changes over the different stages
of the learning process, but it is always associated with a composite measure of the
individual’s risk tolerance. Overall, we did not find any significant association between risk
taking and investment experience outside of the study, although sometimes the self-reported
trading frequency can predict risk taking. Letting investors experience the riskiness of
different asset allocations through simulations reduces biases in the risk-reward perception
of the investors, but the investors’ risk tolerance and loss aversion in particular remains a
significant predictor of the individual risk-taking behavior at all stages of the decision
process. By contrast, self-assessed risk tolerance measures appear to not be suitable for
predicting risk taking at any stage of the decision process.

These results suggest that risk profiling measures should be selected carefully. When
investors are involved in a process of discovering their willingness to take risks, some
measures are more stable predictors of risk taking than others and should not be missed by
risk profilers. By contrast, other measures may predict risk taking in only some or none of
the stages, which limits their suitability. Using measures that predict risk taking at all stages
of the discovery process increases the probability that clients remain satisfied with the
derived recommendations. At the same time, making recommendations based on questions
that consistently predict risk taking at all stages of the discovery process should support the
advisors’ confidence that these recommendations match the clients’ risk tolerance and do not
create misperceptions that are corrected over time.

Notes

1 Online studies allow effective access to a sample of the general population. Moreover,
they allow tracking of the time individuals spend on each question.

2 We excluded all individuals who needed less than one and a half minutes to read the
instructions and less than 15 minutes to finish the survey.
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3 For the quantitative financial loss aversion question, we presented eight answer

options. The last two possibilities were merged because only three individuals used the
seventh possibility in their choices. The results of a robustness test with the combined
answer possibilities shows that the results remain stable.

According to the literature, Likert scales can be considered an interval-based measure, that
is, parametric analysis is appropriate (Carifio and Perla, 2007; Norman, 2010; Pell, 2005).
The analysis uses recursive feature elimination that removes the least important
predictors of a model step-by-step. First, a model with all predictors is trained on a
training set. The model is then used to predict the test set. The least important predictor
is then removed from the model, and the whole procedure is repeated for all the
subsequent subsets of predictors. To avoid any selection bias (e.g., over-fitting pre-
dictors and samples), the train and test data sets are resampled with a 10-fold
cross-validation. After the resampling iterations, the most appropriate number of
predictors is determined based on the resampling output. The predictors with the best
rankings across all the resampling iterations are then used to fit the final model.

Appendix

A Experience sampling

Number of draws: 100

Freque ncy

IO O~ N W B

Choose the percentage of your wealth which Choose the percentage of your wealth which
you want to invest in the risky asset you want to investin the risky asset
20 % 80 %
Return ofthe last drawn scenario fromthe asset allocation 1 Return ofthe last drawn scenario fromthe asset allocation 2
(seeblack balk in the bottomdizgram) (seeblack balkin the bottom disgram)
0 0
4.18% 10.73%
Returns and their frequencies of all sofar drawnscenarios Returns andtheir frequencies of all sofar drawnscenarios
(asset allocation 1) (asset allocation 2)
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Fig. A-1: Illustration of the experience sampling.
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B Socioeconomic and demographic characteristics

Table B-1: Sample description

N Percentage Variable type
Age Categorical variable
18-24 54 16.88% 0
25-34 44 13.75% 1
35-44 70 21.88% 2
45-54 82 25.63% 3
55-64 70 21.88% 4
Gender Indicator variable
Male 147 45.94% 0
Female 173 54.06% 1
Number of children Ordinal variable
0 201 62.81% 0
1 62 19.38% 1
2 43 13.44% 2
3 10 3.13% 3
4 4 1.25% 4
Education Categorical variable
Primary school 10 3.13% 0
Secondary school 65 20.31% 1
High school 96 30.00% 2
Bachelor 39 12.19% 4
Master 45 14.06% 5
PhD 11 3.44% 6
Other education 53 16.56% 7
No education 1 0.31% 8
Professional status Categorical variable
Self-employed/in family business 37 11.56% 0
Employee in top management 18 5.63% 1
Employee with leadership position 65 20.31% 2
Employee without leadership position 108 33.75% 3
Apprentice 47 14.69% 4
Unemployed 45 14.06% 5
Monthly income Categorical variable
0-1,300 Euro 60 18.75% 0
1,300-2,600 Euro 94 29.38% 1
2,600-3,600 Euro 74 23.13% 2
3,600-5,000 Euro 54 16.88% 3
5,000-18,000 Euro 11 3.44% 4
> 18,000 Euro 1 0.31% 5
No answer 26 8.13%
Wealth Categorical variable
0-500 Euro 47 14.69% 0
500-2,500 Euro 44 13.75% 1
2,500-10,000 Euro 59 18.44% 2
10,000-30,000 Euro 46 14.38% 3
30,000-65,000 Euro 32 10.00% 4
65,000-175,000 Euro 30 9.38% 5
175,000 Euro 11 3.44% 6
No answer 51 15.94%
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C Factor analysis

Table C-1: Factor loadings with a varimax rotation

Factors (before experience Factors (after experience sampling)

sampling)

Risk Financial  Risk Risk Financial =~ Risk

tolerance experience awareness tolerance experience awareness
General risk taking 0.73 0.18 —0.11 0.73 0.19 —0.11
General financial risk taking 0.87 0.29 —0.09 0.87 0.29 —0.04
Current financial risk taking 0.65 0.15 —0.01 0.65 0.15 —0.02
Past financial risk taking 0.56 0.34 —0.16 0.56 0.34 -0.17
General loss aversion 04 0.16 0.03 0.4 0.16 0.05
Verbal loss aversion 0.74 0.11 —0.16 0.75 0.11 —0.09
Quantitative loss aversion 0.49 0.11 0.13 0.5 0.11 0.17
Financial investing for thrill 0.6 0.49 —0.12 0.61 0.48 —0.08
Professional experience in finance 0.07 0.59 —0.14 0.08 0.58 —0.14
Consumption of financial news 0.3 0.67 —0.02 0.3 0.66 —0.01
Financial knowledge 0.33 0.74 0.01 0.32 0.75 —0.02
Statistical knowledge 0.16 0.47 0.27 0.15 0.48 0.18
Trading experience 0.15 0.74 0.14 0.14 0.75 0.13
Trading frequency 0.44 0.63 0.02 0.43 0.64 0.01
Risk awareness 1 0 0.07 0.72 0 0.09 0.77
Risk awareness 2 —0.16 0 0.73 —0.1 0.02 0.68
Risk awareness 3 —0.08 —0.03 0.62 —0.12 —0.08 0.75
Risk awareness 4 0.05 0.02 0.89 0.14 0.04 0.88
SS loadings 3.81 3.05 245 3.82 3.08 2.55
Proportion variance 0.21 0.17 0.14 0.21 0.17 0.14
Cumulative variance 0.21 0.38 0.52 0.21 0.38 0.53
Proportion explained 0.41 0.33 0.26 0.4 0.33 0.27
Cumulative proportion 0.41 0.74 1 0.4 0.73 1

D Questions

The following questions are assessed on a seven-point scale ranging from “not true at all”
to “absolutely true.”

General risk tolerance: In general, I am a risk loving person.

General financial risk tolerance: My risk tolerance when I am investing money is
generally high.

Current financial risk tolerance: My current willingness to take risk in financial decisions
is low.

Past financial risk tolerance: My risk tolerance in financial decisions was high in the
past.

General financial loss aversion: When 1 am confronted with an important financial
decision then I do concern more with the possible losses than with the possible gains.
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Verbal financial loss aversion: For a 50-percent chance to earn a high amount of money
with a financial investment I would be willing to risk an equal amount of money.

Financial investing for thrill: 1 already invested very often money because of the thrill if
its value will go up or down.

Professional experience in finance: 1 collected the big part of my professional experience
in the financial sector (investment advisory, insurance, asset management, trustee, tax
counseling, auditing, and accounting).

Consumption of financial news: I am very interest in economic news.

Financial knowledge: 1 can explain to a friend very well at which things he or she has to
look after in the case of risky financial assets.

Statistical knowledge: 1 can explain to a friend very well what a probability distribution is.

Quantitative financial loss aversion: You have the choice to invest 500 ECU in a risky or in
a risk-free asset. The wealth will be invested for one year. With an equal probability (each with
50%) the risky asset will result in a positive return of 50% p.a. (i.e., 250 ECU) or in a negative
return. The risk-free asset will result in a positive return of 2% p.a. (i.e., 10 ECU).

Risky asset

Decision

Risk-free asset

50% probability to get
a return of

50% probability to get a
return of

I prefer the
risky asset

I prefer the
risk-free
asset

100% probability to get
a return of

50% p.a. (250 ECU)
50% p.a. (250 ECU)
50% p.a. (250 ECU)
50% p.a. (250 ECU)
50% p.a. (250 ECU)
50% p.a. (250 ECU)
50% p.a. (250 ECU)

—8% p.a. (—40 ECU)
—15% p.a. (=75 ECU)
—22% p.a. (—110 ECU)
—29% p.a. (—145 ECU)
—36% p.a. (—180 ECU)
—439% p.a. (—215 ECU)
—50% p.a. (—250 ECU)

2% p.a. (10 ECU)
2% p.a. (10 ECU)
2% p.a. (10 ECU)
2% p.a. (10 ECU)
2% p.a. (10 ECU)
2% p.a. (10 ECU)
2% p.a. (10 ECU)

Are you sure? In comparison to the risk-free asset (2%) you prefer the risky asset (50%
chance to get a return of 50% p.a. [i.e., 250 ECU]) if the possible negative return is not
higher than —8%. p.a; beginning at a possible negative return of —15% p.a. you prefer the
risk-free asset. Is this really your final decision?

Financial trading experience

Since how many years do you trade financial asset by yourself?

I have never traded financial assets by myself.

I buy and sell financial assets since about 1 to 3 years.
I buy and sell financial assets since about 4 to 6 years.
I buy and sell financial assets since about 7 to 9 years.
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® | buy and sell financial assets since about 10 to 12 years.
® | buy and sell financial assets since about 13 to 15 years.
® | buy and sell financial assets since more than 15 years.

Trading frequency

How many times do you reallocate your financial assets, that is, how often do you buy and
sell financial assets?

Not at all

About every second year
About once a year
About twice a year
About four times a year
About every month

At least once a week

Risk awareness 1

The asset allocation with the highest probability for a strong negative and a strong positive
return is:

10% risk-free asset/90% risky asset
40% risk-free asset/60% risky asset
80% risk-free asset/20% risky asset
35% risk-free asset/65% risky asset

How confident are you with your answer?: Not sure at all 1-2-3-4-5-6-7 Absolutely sure.

Risk awareness 2

Which asset allocation does not allow you to get a return higher than 2%?

5% risk-free asset/95% risky asset

0% risk-free asset/100% risky asset
100% risk-free asset/0% risky asset
75% risk-free asset/25% risky asset

How confident are you with your answer?: Not sure at all 1-2-3-4-5-6-7 Absolutely sure.

Risk awareness 3

The asset allocation with the greatest risk for negative return in the worst out of 100 cases
is:
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® 50% risk-free asset/50% risky asset
® 40% risk-free asset/60% risky asset
® 10% risk-free asset/90% risky asset
® 45% risk-free asset/55% risky asset

How confident are you with your answer?: Not sure at all 1-2-3-4-5-6-7 Absolutely sure.

Risk awareness 4

The asset allocation with the greatest potential for positive returns in the best out of 100
cases 1is:

60% risk-free asset/40% risky asset
20% risk-free asset/80% risky asset
5% risk-free asset/95% risky asset

15% risk-free asset/85% risky asset

How confident are you with your answer? Not sure at all 1-2-3-4-5-6-7 Absolutely sure.

Risk awareness 5

The asset allocation with the smallest variation of returns is:

20% risk-free asset/80% risky asset
45% risk-free asset/55% risky asset
80% risk-free asset/20% risky asset
30% risk-free asset/70% risky asset

How confident are you with your answer? Not sure at all 1-2-3-4-5-6-7 Absolutely sure.

Risk awareness 6

The asset allocation with the highest expected return is:

5% risk-free asset/95% risky asset

10% risk-free asset/90% risky asset
40% risk-free asset/60% risky asset
25% risk-free asset/75% risky asset

How confident are you with your answer? Not sure at all 1-2-3-4-5-6-7 Absolutely sure.

Descriptions on the risky asset

® Graphical description
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In the following graphic, you see the realized returns and their frequencies of 280
randomly drawn scenarios for the risky asset. Higher bars mean higher frequencies.

Frequency

-60% -50% ~40%-30%-20%-10% 0% 10% 20% 30% ¢ 60%

Return
Fig. D-1: Example of a return distribution used in the graphical description of the risky asset.

® Verbal description

The average return for the risky asset over all possible scenarios is 7% per annum. In 70
out of 100 scenarios one can expect that the return falls between —10% and 24% per annum,
and in 30 out of 100 scenarios the return is lower than —10% and higher than 24% per
annum.

The positive or negative deviation from the average return is the same, and has the same
probability. For example, a return of —3% has the same probability as a return of 17%.

® Statistical description

The returns are normally distributed with a mean of 7% and a SD of 16%. The normal
distribution has the property that returns close to 7% are more probable than those further

away, and that the probability of a return of —3% has the same probability as a return of
17%.
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