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Abstract
We report a specific irregularity in risk-attitudes that occurs under one of the most common
risk presentation formats. Representing the risk by the expected value and the range of possible
values can result in increased risk-seeking compared to other less- or more- information-rich
formats of risk presentation. We call this phenomenon the mean & range effect. Our research
suggests a 20% prevalence of this phenomenon in three different countries confirmed by three
different modes of analysis. A novel analytical approach is suggested that defines fuzzy subsets
of the sample to allow for the partial membership of each respondent to more than one subset
to account for within-respondent variability. The results suggest the possibility to influence the
risk-appetite of decision-makers by a specific risk-presentation, which can seriously affect the
outcomes of (group) decision-making problems. This finding is relevant for decision support
systems design, marketing, corporate and consumer finance and related fields.
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1. Introduction
Uncertainty is a factor that needs to be accounted for in everyday managerial decisions as well as
in strategic decisions of great importance. It is thus of no surprise that risk attitudes and factors
influencing it, representation of risk and uncertainty and decision support under risk and uncertainty, are still current topics of research in top-tier journals in the fields of management, operations research, and decision sciences. Most published literature on the behavioral aspects of decision-making under uncertainty studies how cognitive biases affect investment decision-making
under uncertainty (Tversky & Kahneman, 1981; Slovic, 2000; Smit & Lovallo, 2014; Kull, Oke, &
Dooley, 2014). The uncertainty is typically presented in terms of a numerical presentation, or
by presenting a lottery-situation (Benartzi & Thaler, 1999). Assuming rationality, investment
decisions should not be affected by the way the information is presented. However, research in
decision-making shows that different (yet equivalent) information formats could lead to different decisions (Tversky & Kahneman, 1981; Rubaltelli, Rubichi, Savadori, Tedeschi & Ferretti, 2005;
Diacon & Hasseldine, 2007). The fit of the decision-support model to the cognitive style of the
decision-maker is also emphasized (Engin & Vetschera, 2017)
In this paper, we contribute to this stream of research and concentrate on the study of how
the format of presenting information about uncertain outcomes affects decision-making. More
specifically, we address the question of whether decision-making under uncertainty (risk-taking
behavior) varies between the situations, when uncertainty is represented simply by a number
(e.g. the simple expected value), when uncertainty is presented in the form of confidence intervals or ranges of possible values, and when uncertainty is presented by a more “complete” presentation format, such as histograms or continuous distributions.
Previous published research on this topic, the effect of presentation format of information
about uncertain outcomes on decision-making has been very limited and there is a clear gap in
the literature with regards to this issue. The scarce previous literature that has studied aspects of
this issue include the works by Benarzti and Thaler (1999), Beshears, Choi, Laibson and Madrian
(2011), Kaufmann, Weber and Haisley (2013), and Morreale, Stoklasa, Collan and Lo Nigro (2016)
that are, to the best of our knowledge, among the first to study the effects of different information presentation formats (incl. distributions and histograms, commonly used e.g. in the product review summary setting as discussed by Yang, Sarathy and Lee, 2016) in decision-making.
More in detail, Benarzti and Thaler (1999) show that people change their risk attitudes when
they are first presented with repeated plays of a gamble with a positive expected value and then
when they are presented with a graphical distribution of returns. Their main finding is that many
people more frequently accepted the gamble after the distribution was shown. A similar result
is found by Beshears et al. (2011) who use graphical distributions to represent historical returns
of equity funds over a 30-year time horizon. In Kaufmann et al.’s (2013) study, risk is presented in
several ways ranging from numerical descriptions (the expected value and the standard deviation of a risky alternative), experience sampling and graphical displays to a combination of the
last two formats, named “risk tool simulation”. They find that people are more likely to take risks
during the experience sampling experiment and during the “risk tool simulation” one. However,
as the authors highlight, the experience sampling effect - rather than the graphical presentation
of distributions - appears more likely to influence the increased propensity to take risk in the
“risk tool simulation” setup.
Our research contributes to this same general area of research touched by the above three
papers. However, we are more specifically focused on how managerial risk perception and decision-making changes. We study these changes, when different amounts of information and
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different formats of information presentation, ranging from simple single-number ones to
histograms and continuous distributions, are used to represent the same (or very similar) decision-making situation. For this reason, we use different presentation formats than those used
in the previous studies (see the following section, where the formats are described in detail). In
this respect, our research is more closely related to what was presented in Morreale, Stoklasa,
Collan, and Lo Nigro (2016), who conducted an exploratory survey (in Italy and Finland) in order to investigate how the format of presentation and the amount of information concerning
risky events influence the managerial decision-making process. This paper builds on and considerably extends the results presented previously in Morreale, Stoklasa, Collan, and Lo Nigro
(2016). The main finding of their paper is that changing the presentation of information about
uncertain outcomes from a presentation of a simple expected value to a more information-rich
format (such as expected value and range of possible values) increases the propensity to take
risk, but further addition of information concerning the risky prospects (presentation of continuous distributions or histograms with a highlighted mean value) seems to again reduce the
decision-makers’ propensity to take risks.
For the purposes of this research, we refer to this “new” phenomenon as the mean & range effect (MR-effect) and in this research, we significantly deepen and widen the scope of investigation
of this effect to include the possible effects the amount of money considered in the experiments
may have on decision-making (low and high sums of money are considered). A study of the effect
of “high sums” of money is carried out to complement the earlier results from Morreale, Stoklasa,
Collan and Lo Nigro (2016) and a confirmatory replication survey study is conducted with a
different population in another country (Czech Republic). In addition, we perform a detailed
analysis of the occurrence of the phenomenon, including standard frequency analysis, respondent-by-respondent analysis, and a novel fuzzy-partition based analysis. The analyses confirm the
existence of and deepen the understanding of the prevalence of the MR-effect.
Specifically, the increase in the frequency of choosing a risky alternative over a certain (nonrisky) outcome is confirmed by a standard frequency analysis. The data used was collected in
three countries, Finland (pilot study), Italy, and the Czech Republic. Results from the pilot study
are reported in Morreale, Stoklasa, Collan and Lo Nigro (2016)). Frequency analysis of the whole
sample, disregarding the country of origin, is also performed. The prevalence of the MR-effect is
further studied for each country by respondent-by-respondent and a roughly 20% prevalence is
found. Also, the MR-effect is more predominant with higher sums of money involved. This analysis sheds light on the actual frequency of the phenomenon in real-life decision-making and on
the share of decision-makers, who actually express behavior that is apparently influenced by the
MR-effect.
Finally, to study the subgroups within the surveyed samples we propose the use of a novel
fuzzy subgroup analysis based on creating fuzzy subgroups of the collected samples according
to a defining attribute (risk attitude is considered to be the characteristic feature in this paper),
see Morreale, Stoklasa and Talášek (2016) or a summary of this approach provided in the Fuzzy
Partitioning Subsection. This approach allows for the splitting of the sample into more focused,
but possibly overlapping, groups of risk-seeking, risk-neutral and risk-averse decision-makers. It
thus offers deeper insight into the results, as it offers a way to study the prevalence of the MR-effect within subgroups with different risk attitudes, e.g., risk-seeking, risk-neutral, and risk-averse
decision-makers. The analysis also allows for a gradual assessment of risk attitudes (or any other
attribute). The proposed methodology allows focusing more deeply on the subsamples, for
which the existing theory might provide normative results, or for which an expected outcome
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(or a rational reaction) can be specified. Note that, e.g., rationality defined as indifference between a certain outcome A and a lottery B, with the same expected outcome, is only valid for
risk-neutral decision-makers (Kahneman & Tversky, 1979). The proposed methodology allows us
to study if the MR-effect is manifested differently among risk-averse, risk-neutral, and risk-seeking decision-makers.
The findings of this research are significant from the points of view of both the theory of decision-making and the practice. Importantly, the obtained results show that the assumption that
the perception of risk is invariant is put to question and the notion of “rational decision-makers”
is (again) found wanting. In fact, the delivery mechanism (format of presentation) of information seems to play a role in how it is understood and put into action in form of decisions made
(Setia & Speier-Pero, 2015). This implies that we must first understand what is being perceived
from presented information before we can study rationality of decision-making. This research
is an attempt to open the door to discuss this “what is perceived” issue. From the practical application point of view, the implications of this research are quite monumental. For example, the
implications to the financial industry in terms of effects of presenting information about uncertain outcomes may mean a potential effect on investor behavior with regards to risk appetites
that may translate to a shift towards riskier investments if expected investment outcomes are
presented in certain formats (rather than in some other formats). Another example of important practical implications is to the design of information systems and decision support system
in general, to the selection of appropriate information presentation formats and visualization
methods (Engin & Vetschera, 2017), especially when uncertain information is presented.
In the following section, we present the used data-collection method and the samples collected. This is followed by presentation and analysis of the survey results in different ways – by
frequency-based analysis, respondent-by-respondent, and by using fuzzy partition analysis of
data. The paper is closed with a discussion and conclusions about the results obtained.

2. Method: survey questionnaire used and the sample
In this paper, we study how the format and the amount of information influence decision-makers’
propensity to take risks. With this aim, similarly to previous research on decision-making processes
(Dearborn & Simon, 1957; Fredrickson, 1984; Keith, Demirkan & Goul, 2017) and research on topics
including risk-taking (Sitkin & Weingart, 1995; Simon, Houghton & Aquino 2000; Miller & Shapira
2004), we analyze students’ responses to a survey consisting of decision-making problems under
different risk presentation formats in order to understand how the amount of information provided to the respondents influences their propensity to choose a risky alternative. Students with
similar backgrounds, but from three different countries (Finland, Italy and the Czech Republic)
were used as respondents in the study to achieve better generalizability of our results.
The first “pilot” study was done in Finland, where fifty-five students1 of the Lappeenranta
University of Technology (LUT) participated and provided their answers to low-payoff items2 of
the questionnaire only. The majority of the sample were masters students (fifty-two), the rest
were bachelors, the mean age of the respondents was 25.3 years (SD=5.63). Forty-four (44%)
percent of the respondents were female and 56% were male. The participants were students or
exchange-students studying at the LUT School of Business and Management, 35 were Finnish,
the rest were international students. The pilot run confirmed the feasibility of the research instrument and provided initial results for analysis, including initial evidence in favor of the ex1
2

Out of the original sample of 57 students, two questionnaires were missing values and were thus discarded.
Pay-offs were comparable with the price of a dinner in a restaurant in the given country.
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istence of the MR-effect studied in detail in this paper. Two follow-up surveys were subsequently
performed in Italy and the Czech Republic. These follow up studies also considered items with
higher pay-offs to control for the effect of the perceived value on the choice.
In the Italian case, fifty-eight Master of Industrial Management students at the University of
Palermo (Italy) participated. The mean age of the Italian students was 23.7 years (SD=1.75 years)
and 35% percent of the Italian respondents were female and 65% male. In the Czech survey, 74
students participated. The mean age of the respondents was 20.32 (SD=1.61) and 62% percent of
them were female and 38% male. The Czech sample consisted of 37 bachelor students of Mathematics-Economics, 26 bachelor students of Applied Economics and 11 master students of Applied
Mathematics in Economics, making a representative sample of the students studying economics-related study programs at Palacký University Olomouc, Czech Republic.
The survey focused on real-life decision-making under risk and consisted of a set of items
requiring the respondents to choose between a sure payoff (denoted as type A option) and a risky
payoff (denoted as type B option); both options had the same expected payoff in each item. The
level of detail concerning the risk associated with type B options varied from a single number
(expected pay-off) to histograms and continuous distributions, whose expected value was highlighted. Two levels of pay-offs (high and low) were considered in the full version of the survey, the
pilot study considered the low pay-off level only. High pay-offs were added to the design of the
survey to reflect the possible effect of the pay-off size (Karagözoğlu & Urhan, 2017). All the items
within the given pay-off level dealt with comparable amounts of money (the sums of money presented to the participants in each country were calibrated in a way to allow for the purchase of
approximately the same amount of goods in each country and the sums were presented in the
currencies of the given country). All the items in the survey can thus be considered to be different
representations of the same decision problem. The standard deviation of the distribution of the
outcomes of the risky (type B) options was set to be equal to the mean value of the respective
risky option in each item to facilitate inter-item comparability of the respondents’ answers to
the items. The survey was presented in English in Finland (since the group of students was an
international one), in Italian in Italy, and in Czech in the Czech Republic.
More specifically, the respondents were asked to choose between four possible answers: preference of A (later denoted as A), preference of B (later denoted as B), and two answers allowing
for the reflection of initial indifference presented as “I cannot decide, but if I had to, it would be
A (or B)” (later denoted as AA and as BB respectively). The indifferent answers were included to
allow for the assessment of the attitude-to-risk of the respondents. This way the (relative) frequency of the answers AA and BB can be considered to be a measure of risk-neutrality of each
respondent. The introduction of the AA and the BB answers allowed for the expression of possible indifference, while still obtaining a clear answer in one way, or the other. This information is
further utilized in the deeper analysis of the sample subgroups presented later on in this paper.
In accordance with, e.g., Kahneman and Tversky (1979) a final choice of A or B was required anyway (hence B and BB were considered to be risk-seeking answers and denoted simply as “B” in the
analysis of the answers of respondents, and A and AA as risk-averse answers denoted simply as
“A”). The distinction between A and AA (or B and BB) is made only for the purpose of risk attitude
assessment in this paper. Moreover, the respondents were provided with the chance to make
further comments about their every choice (answer). The participants were told that specifying
their answer was “not obligatory, but highly appreciated”. The participants also could express
the perceived relative informativeness of the different risk-presentation forms in the last item in
the questionnaire.
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Table 1. The notation used for the questionnaire items relevant for the presented research.
DESCRIPTION OF THE ITEM

NOTATION
(LOW PAYOFFS)

NOTATION
(HIGH
PAYOFFS)

ITEM (MEAN) - represented solely by the mean value (the expected
payoff)

ML

MH

ITEM (MEAN AND RANGE) - represented by the mean value accompanied by the minimum and maximum possible payoffs

MRL

MRH

ITEM (MEAN AND HIST) – represented by the information concerning
the mean value and in addition, a histogram of the possible payoffs
were provided

MHL

MHH

ITEM (MEAN AND CONTINUOUS) – represented by the mean value
and the probability density function describing the distribution of
payoffs

MCL

MCH

Note1: when we refer to the items without the distinction of the sums of money, the notation L/H is used, e.g., ML/H is
the ITEM (MEAN) in general.
Note2: Both histograms and probability density functions were truncated at a preselected value for presentation
purposes (the truncation was made always at the value of the 99th percentile of the respective distributions). Speci-

Although the survey consisted of a larger number of items, four of them aim directly at MR-effect and are the most relevant for this research3. These four relevant items will be referred to, in
accordance with Morreale, Stoklasa, Collan and Lo Nigro (2016), as ITEM (MEAN), ITEM (MEAN
AND RANGE), ITEM (MEAN AND HIST), and ITEM (MEAN AND CONTINUOUS) - see Table 1 for the
explanation of the items.
Except for Finland, where the pilot of this study was run (and hence the survey data were collected for low pay-offs only), two levels of pay-offs were considered in the other two countries
– low pay-offs (approximately the cost of a dinner) and higher pay-offs (about ten times the lower
pay-off). This resulted in 8 items relevant for this study (4 low pay-off and 4 high pay-off items).
The items were presented to the participants in a randomized order to control for the order effect;
six versions of the questionnaire with a different ordering of the items were used. The different
items can be simply denoted as ML/H, MRL/H, MHL/H, and MCL/H – see Table 1 for their description and
the summary of their notation used throughout the paper. Figure 1 also provides examples of the
items as they were presented to the respondents.
The subjects were informed that there are no “right” or “wrong” answers to the items of the
questionnaire and that their responses will be treated anonymously and not be used for the purpose of course evaluation.
The data obtained in the above-described samples through the questionnaire are analyzed
using the standard frequency analysis approach in Section 3. A more detailed person-by-person
analysis of the answers of the respondents is also performed to identify the prevalence of the identified MR-effect in each sample and the overall sample. The results of this analysis are summarized
in Section 4. In order to analyze our results in an even more detailed manner, i.e. with respect to
the risk attitudes of the respondents, we define (in accordance with Kahneman and Tversky, 1979)
a risk-averse decision-maker as a person who chooses a non-risky alternative when faced with a
choice between a risky alternative and a non-risky (certain) one with the same expected value.
This implies that an individual who chooses the risky alternative is considered risk-seeking and an
individual, who is indifferent between the two alternatives, is considered risk-neutral.
Yet all the items used in the survey were used to assess the risk-attitude of the respondents to get as comprehensive
measure of risk-neutrality, risk-seeking, and risk-aversion as possible. A similar risk-attitude assessment approach,
which is not inbuilt in the questionnaire itself, but presents a separate risk-attitude assessment tool was utilized e.g.
by Palma-dos-Reis and Zahedi (1999).

3
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Since risk-attitude may differ in different circumstances and different contexts, even within
one individual, we also suggest a fuzzy approach to the risk-attitude assessment in this paper.
We introduce a fuzzy partition of the set of all respondents into risk-seeking, risk-neutral, and
risk-averse subgroups and analyze their decision making and the existence of the identified
MR-effect in each of these subgroups. To do this, we use fuzzy set theory and define measures of
risk-aversion, risk-neutrality, and risk-seeking for each decision-maker and describe him/her
as partially risk-averse, partially risk-neutral, and partially risk-seeking (see Section 5 for the
description of the fuzzy-partition-based analysis).

Figure 2. Percentage of people from Finland (N=55), who chose the sure option (A) over the four items (in the
p

p

p

3. Frequency analysis of the survey data
For the sake of clarity, we first summarize and shortly discuss the results of the pilot study conducted in Finland and previously reported in Morreale, Stoklasa, Collan and Lo Nigro (2016)4
(see Figure 2), where the occurrence of the MR-effect was first observed. Then we present the
new results obtained in Italy (see Figure 3) and in the Czech Republic (see Figure 4). We also
present and shortly discuss the results from the overall sample.

3.1 Pilot Study in Finland
As mentioned before, in the pilot run the survey was administered with low pay-off items only
to field-test the design of the survey and to get first insights in the difference of decisions under
various risk-presentation formats in terms of risk-attitude. Figure 2 represents the percentage
of the respondents, who chose the sure payoff (A) over the uncertain items as reported in Morreale, Stoklasa, Collan and Lo Nigro (2016). Comparing results from ML and MRL it seems that
adding information (changing the representation) produces in this case a more risk-taking behavior. We observe (see Figure 2) that the majority of the respondents (70.91%) chose the sure
payoff in ML. When the range of possible outcomes was included in addition to the mean, i.e.,
under (MRL), the number of respondents, who chose the sure pay-off almost dropped by half. In
Morreale, Stoklasa, Collan and Lo Nigro (2016) ran a pilot study of this research in Finland, where students were
presented with low pay-off items only, and compared these results with the low-payoff item replies obtained in
the Italian sample in the first step of the follow-up study. Since the aim of this paper is to discuss the existence
of the MR-effect in a broader context and to provide more in-depth analysis of the empirical data to conclusively confirm the existence of the MR-effect, we go through the results by Morreale, Stoklasa, Collan and Lo Nigro
(2016).

4
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fact, only 36.36% percent of the respondents chose the sure pay-off. The difference between the
percentage of respondents, who chose the sure pay-off in ML and MRL is statistically significant
(p < 0.001).When even more complete information (than MRL) is offered such as MHL and MCL,
we can again observe that the majority of the respondents (65.45% and 61.82% respectively)
chooses the sure pay-off alternative.
The difference between the percentage of respondents, who chose the sure pay-off in MHL
and the respective percentage in MRL, as well as, the difference between the percentage of respondents, who chose the sure pay-off in MCL and the respective percentage in MRL are both
statistically significant (p < 0.001 and p = 0.004 respectively). It is this “nonlinearity” in terms of
the frequency of respondents, who choose the risky alternative, as the amount of information
increases (more specifically its unexpected peak in MRL), found in the pilot-study data that
led to the postulation of the existence of and further empirical investigation into the mean
& range effect. The initial evidence pointing to that under specific information-presentation
format, decision-makers tend to choose the risky alternative more frequently than under other
information-presentation formats, motivated further investigation of the phenomenon. Note,
that the MRL/H representation of risk is one of the most commonly used representations of risk
in decision-making.5 If this very common representation-format is an outlier in terms of decision-making behavior, then the implications of the discovery of the MR-effect can be very important in many areas of human activity that range from information systems design, decision
support systems design, through marketing to corporate and consumer finance.
Also, comparing the results coming from ML to the results coming from MHL, and to MCL
where, in addition to the mean value also a graphical representation of the underlying probability distribution was shown, respondents in Finland appeared to be less risk-seeking in the ML
setting (but the difference in the relative frequencies of choosing the sure pay-off between ML
and MCL was not statistically significant, p = 0.313). The increased propensity to risk when displaying return distributions appears to be explained by an overestimation of the probability
of a low outcome before the return distribution is shown, i.e., in ML (Benartzi and Thaler, 1999;
Morreale, Stoklasa, Collan and Lo Nigro, 2016).
It seems that the participants felt more accurate about the probability of low outcomes,
and they felt significantly more informed: 45.45% of them considered the histogram with the
expected value highlighted (MHL) to be the most informative representation of the risky outcomes. Finally, we did not observe a significant difference between results coming from MHL
and MCL (p = 0.687), which suggests that in terms of final decisions between a sure or a risky
pay-off there is no difference between the histograms and probability density functions as a
presentation format.

3.2 First Follow-up Study in Italy
The first follow-up study to confirm the existence of the MR-effect and to analyze it in more
detail was performed in Italy at the University of Palermo. The main purpose of this follow-up
was to introduce a new variable into the analysis – the size of the pay-off. Figure 3 represents the
percentage of Italian students who preferred the sure pay-off (A) in each case of the four survey
items and in case of low and high pay-offs.

For example, in a study of managerial perception of risk (Shapira 1986), 80% of the interviewed executives asked
for estimates of the “worst” outcome to make risky investments decisions.
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Figure 3. Percentage of people from Italy (N=58) who chose the safe option (A) over the four items in case of
differences between the relative frequencies is depicted: p

p

p

In the Italian sample (see Figure 3), we can again observe that a large number of respondents
chose the sure pay-off in ML/H, i.e., when the risky option was represented by the least amount of
information (just the mean value), this result was obtained regardless of the size of the pay-off,
and 65.52% and 70.69% of the respondents chose the sure pay-off alternative. Adding the range
of possible payoffs, i.e., the worst and the best outcomes (MRL/H representation) reduced the
number of selections of the sure pay-off. In fact, only 32.76% and 46.55% percent of the subjects
chose the sure pay-off in case of low pay-offs and high pay-offs respectively. The differences
between the percentage of respondents who chose the safe option in ML/H and the respective
percentage in MRL/H are statistically significant ( p < 0.001 for low pay-offs and p = 0.008 for
high pay-offs) – there is a significant increase in the number of selections on the risky alternative in both low and high pay-offs under MRL/H.
When we continue to add more information and provide not only the mean value but also
a graphical representation of the probability density function, MHL/H and MCL/H, we can observe
that the number of respondents choosing the sure payoff increases when compared to MRL/H.
Specifically, 46.55% and 50.00% of respondents chose the sure pay-off option A in MHL and MCL
respectively, whereas 75.86% in connection with MHH and 70.69% in connection with MCH. The
difference between the percentage of respondents who preferred the sure pay-off in MHL (46.55%)
and in MRL (32.76%) can be considered borderline significant at best (p = 0.129). However, the
difference between analogous items under high pay-offs (75.86% in MHH and 46.55% in MRH) is
statistically significant (p = 0.001). Moreover, the difference between the percentage of respondents who chose the sure payoff in MCL (50.00%) and the percentage of people who chose the sure
payoff in MRL (32.76%) is borderline significant (p = 0.060) in case of low pay-offs and significant
in the presence of high pay-offs (p = 0.008). Overall, the MR-effect manifests itself in the Italian
sample but is significant mainly in the high pay-off case. The Italian results, however, confirm the
behavior already observed in the Finnish sample and the existence of the MR-effect with both
high and low pay-off cases.
We have thus found evidence to confirm the results of the (pilot) study presented in Morreale, Stoklasa, Collan and Lo Nigro (2016) that suggests the presence of a new phenomenon that
we here call mean & range effect as an interpretation for this phenomenon. We also present a
more in-depth analysis of the existence of this effect and its prevalence in the research sample.
Finally, we did not observe a significant difference between the results coming from MHL and
MCL (p = 0.714), nor between those coming from MHH and MCH (p = 0.527).
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3.3 Second Follow-up Study in the Czech Republic
To further validate the existence of the mean & range effect, another replication of the study
was performed in the Czech Republic. Figure 4 presents the percentage of respondents from
the Czech Republic who chose the safe option (A) over the same four types of items already
discussed above in the presence of both low and high pay-offs.
We can observe (see Figure 4) that a large number of the subjects (50.68% and 75.68%, in
case of low and high pay-offs respectively) preferred the sure pay-off in connection with ML/H.
With the representation, where the range of possible outcomes was included with the mean,
i.e., MRL/H, the frequency of respondents, who chose the sure pay-off has decreased. In fact,
43.24% and 54.05% of the subjects chose the sure pay-off. The difference between the results
obtained for MH and those obtained for MRH is statistically significant (p = 0.006), while the
decrease in the frequency of preference of the sure pay-off alternative from ML to MRL was not
significant (p = 0.364). However, we can qualitatively confirm the behavior that was already
observed in the two other countries. It is also worth noting that the drop in the frequency of
choosing A (sure alternative) between the “mean” representation and “mean and continuous”
representation is highly significant in the results from both Italy and the Czech Republic, in the
case of high connected pay-offs.

Figure 4.
p

p

p

When more complete information (than in MRL/H) is provided as a basis for decision-making, as
in MHL/H and in MCL/H, we can again observe that people choose the risky alternative B less frequently. The difference between the results for MHL/H and those for MRL/H is statistically significant in case of low pay-offs and high pay-offs (p = 0.033 and p = 0.010 respectively). Similarly,
the difference between results for MCL/H and those for MRL/H is statistically significant in the
case of both the low and the high pay-offs (p = 0.033 and p = 0.017 respectively). Again, we did
not observe a large difference between the results obtained for MHL/H and MCL/H in both cases
of low and high pay-offs. This confirms the findings obtained in Italy and in Finland (p = 1.000
and p = 0.857 respectively), suggesting that there is no difference between the histograms and
probability density functions as a presentation format.
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Again, the existence of the MR-effect is confirmed, mainly in the case of high pay-offs in this
sample. Also, no significant difference was found between the frequency of choosing MHL and
MCL and the same finding holds for the frequencies of choosing MHH and MCH.

3.4 Overall Results From Merged Samples
To see the overall picture, we present the results for the whole sample (respondents from all
three countries combined). Figure 5 represents the relative frequencies of preferring the sure
pay-off (A) over the four types of items in the presence of both low pay-offs (187 respondents)
and high pay-offs (132 respondents). We can see that the same pattern that is visible from the
three data-sets separately also emerges from the merged data.

Figure 5. Percentage of respondents in the overall merged sample, who chose the safe option (A) over the four

Also in the overall data, a large number of the respondents (61.29% and 73.48% in case of low and high
pay-offs respectively) preferred the sure pay-off in connection with ML/H. Using the representation format, where the range of possible outcomes was included with the mean, i.e., (MRL/H), increased risk-taking and 37.43% and 50.76% of the respondents (under low and high pay-offs respectively) chose the sure
pay-off alternative. The differences between the percentage of participants who chose the sure pay-off
p < 0.001 for low pay-offs and p <0.001 in case
in ML/H and in MRL/H
of high pay-offs). For the overall data, the difference between the results coming from MHL/H and results
in the case of low pay-offs and high pay-offs (p = 0.001 and
coming from MRL/H
p < 0.001 respectively). Similarly, the differences between the results coming from MCL/H and the results
p < 0.001and
coming from MRL/H
p<
from MHL/H and MCL/H in the case of both low and high pay-offs (p = 1 and p = 0.581 respectively).

3.5 Discussion of the Results of the Frequency Analysis
To summarize the frequency analysis results, it can be stated that the representation format of a
risky alternative can impact decision-making. The “information-poor” representation in terms of
ML/H and “information-richer” representations MHL/H and MCL/H seem to motivate a non-negligible
number of the decision-makers to prefer the sure pay-off alternative over the risky alternatives
while the “intermediate” MRL/H representation of the “same” risky alternative results in the majority of the respondents to prefer the risky alternative over the sure pay-off. In other words, in
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cases, where the decision-makers are presented with the expected value of the alternative and
the range of its possible outcomes, they tend to more frequently choose the risky alternative over
the sure-payoff alternative with the same expected value. This effect (MR-effect) was found in all
three collected samples separately and from the overall merged data.
More in detail, when information is presented in this way (MRL/H), our results seem to suggest that people are more likely to show an “exaggerated confidence” in their ability to determine the outcome of an uncertain event (in line with Morreale, Stoklasa, Collan and Lo Nigro,
2016), or possibly to focus on the opportunity of getting more than the expected pay-off and
overlook, or disregard (either deliberately, or by assuming an incorrect underlying probability distribution) the negative outcomes. Conversely, when information is provided in a more
complete way, e.g., through the presentation of distributions (or their approximation by histograms), it seems to be possible to ensure that decision-makers are more informed and are less
likely to take risks (particularly if risk aversion is assumed).
Under the MRH representation, the motivation of choosing the risk alternative was exemplified by similar comments “I don´t know the distribution, so I want to take risk”, or “I don´t know
the frequency of the gains, I could hope in a gain between the average value and the maximum value”,
or “In average I can win the sure gain, but I have good probabilities to have higher values” (see Morreale, Stoklasa, Collan and Lo Nigro (2016) for comments under the MRL representation). From
the aforementioned comments, it seems that the respondents have a particular distribution of
the outcomes in their mind or, even when they declare not to know the distribution, they hope
in distributions that can provide them with high outcomes. In other words, decision-makers
appear confident in predicting uncertain outcomes, and they might underestimate the likelihood of bad outcomes.
The illusion of control might thus manifest itself in the second stage of the interpretation
of an MRL/H representation while supplying the unavailable information concerning the probabilities of outcomes by something being the first stage of the process (a heuristics such as the
assumption of a uniform distribution or just representing the probability of getting more by
the relative cardinality of the interval of values higher than the expected payoff). Conversely,
displaying the distribution of possible outcomes and thus providing more accurate information, decision-makers appear to be more conscious about the risky situation and thus tend to
prefer the sure payoff more frequently.
Consistently, in both cases MHL/H and MCL/H, a large number of people chose the certain
option, justifying this choice with comments like “The probability to have high gains is low”, or
“High gains have low frequency”. In addition, the observed MR-effect seems to be stronger in the
high pay-off setting.

4 Person-by-person analysis of the results
Up to now, we have analyzed the frequency analysis results from the three samples and the
overall merged data. Since we have identified and confirmed the existence of a possible bias
in decision making under risk that we have referred to as the mean & range effect, we will
now concentrate on the individual respondents and analyze the results by focusing on the
choice-patterns of each respondent by the use of contingency tables. This way we will be able
to get a deeper insight into the existence of the proposed bias and its prevalence in the sample. We again show the results chronologically in the order in which they were obtained, i.e.,
results from Finland first (Table 2), followed by results from Italy (Table 3), and from the Czech
Republic (Table 4).
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4.1 Results of the Person-by-Person Analysis
Tables 2 – 4 report the frequencies of different choice-patterns (first column) for the following
combinations of items:
• Low pay-offs: “mean” – “mean and range” – “mean and histogram”; this sequence is in the
second column of all three tables and it is denoted ML-MRL-MHL
• Low pay-offs: “mean” – “mean and range” – “mean and a probability density function”; this
sequence is in the third column of all three tables and it is denoted ML-MRL-MCL
• High pay-offs: “mean” – “mean and range” – “mean and histogram”; this sequence is in the
fourth column of Tables 3 and 4 (answers for high pay-offs were not available for Finland,
i.e., for Table 2), it is denoted MH-MRH-MHH
• High pay-offs: “mean” – “mean and range” – “mean and a probability density function”;
this sequence is in the fifth column of Tables 3 and 4 (answers for high pay-offs were not
available for Finland, i.e., for Table 2), it is denoted MH-MRH-MCH
Table 2. Results from Finland – frequencies of choice-patterns of respondents to the relevant combinations of
CHOICE-PATTERN

ML-MRL-MHL

ML-MRL-MCL

A-A-A
A-A-B

2

2

A-B-A

13

13

B-A-A

3

2

B-A-B

1

2

A-B-B

B-B-A

5

B-B-B

7

Total

55

55

Table 3. Results from Italy – observed frequencies of choice-patterns of respondents to the relevant combinations
CHOICE-PATTERN

ML-MRL-MHL

ML-MRL-MCL

MH-MRH-MHH

MH-MRH-MCH

A-A-A

11

11

21

21

A-A-B

2

2

3

3

A-B-A

9

12

13

13

2

3

A-B-B

13

B-A-A

3

B-A-B

3

B-B-A
B-B-B
Total

2

1

3

8

12
58

58

58

58

Table 2 summarizes the frequencies of the observed choice-patterns in the Finnish sample,
where only the low-payoff setting was investigated. Even though low pay-offs were considered,
the presence of the mean & range effect – found in the choice-pattern A-B-A is the second most
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frequently observed pattern with 23.64% of answers, after the “consistent risk aversion” (A-A-A)
pattern. This confirms not only that the MR-effect is present in the Finnish sample, but that it
also occurs rather frequently in the sample.
It can be observed that people are more consistently risk-averse in the presence of high payoffs – the choice-pattern A-A-A is the most frequent one for the high pay-offs. The presence of
the MR-effect is also more pronounced in the high-payoff setting, with A-B-A being the second
most frequently observed choice-pattern (22.41% of observations).
Table 3 reports the frequencies of the observed choice-patterns in the Italian sample. For
low pay-offs, the most frequently observed choice-pattern is A-B-B, followed by the choice
pattern B-B-B that indicates consistent risk-seeking and the choice-pattern A-A-A signaling
consistent risk aversion. The choice-pattern A-B-A relevant for the MR-effect is the fourth most
frequently observed pattern for the low pay-offs. In the low-payoff setting, 15.51% and 20.69% of
the respondents chose A-B-A in the ML-MRL-MHL and in the ML-MRL-MCL case respectively.
Finally, Table 4 reports the frequencies of the observed choice-patterns from the Czech
Republic. It can be seen that in the presence of high pay-offs the choice pattern A-B-A, where
the MR-effect takes place, is the second most frequently observed choice-pattern with an over
20.55% relative frequency in the MH-MRH-MHH case and an almost 22.97% relative frequency in
the MH-MRH-MCH case. In the presence of low pay-offs, the MR-effect does not seem to be as frequently present, only 8.22% of the respondents exhibit this choice-pattern in the ML-MRL-MHL
case and around 12.33% in the ML-MRL-MCL case. This is a lower observed frequency than in the
Finnish and in the Italian samples.
Table 4. Results from the Czech Republic – frequencies of choice-patterns of respondents to the relevant combiCHOICE-PATTERN

ML-MRL-MHL

ML-MRL-MCL

MH-MRH-MHH

MH-MRH-MCH

A-A-A

19

18

28

28

A-A-B

5

5

5

9

15

17

A-B-A
A-B-B

7

B-A-A

5

3

8
5

B-A-B

3

5

2

3

7

5

B-B-A
B-B-B
Total

73

73

We can confirm that the prevalence of the MR-effect is significant in the high pay-off setting
with over 20% observed frequency in the Italian and the Czech samples. The Finnish sample
suggests that the phenomenon can be found with a similar frequency also in the low pay-off
setting, a finding that is partially confirmed by the Italian data. In the Czech sample, the frequency of occurrence of the phenomenon in the low pay-off setting is lower, but instances of
it can still be found.

4.2 Discussion of the Results of Person-by-Person Analysis
The analysis performed in this section provides more insights into the existence of the MR-ef-
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fect. By focusing on individuals and their choice-patterns, we have determined the prevalence
of the MR-effect (represented by the A-B-A choice-pattern) in the studied samples and thus
obtained a reasonable estimate of the prevalence of this phenomenon in the population. Our
results suggest that MR-effect may be present in one out of five persons, which is a frequency that
certainly deserves attention. Since no distinction in terms of risk-attitudes of the people in our
samples has been made, inferences concerning the rationality of the choice-patterns are impossible to make. Nevertheless, if we at least assume that the decision-makers are consistent
(i.e. rationality defined as non-random choice), then the highest frequency of the A-A-A pattern (i.e. consistent preference of the sure pay-off alternative over the risky one in all the MHMRH-MHH and MH-MRH-MCH cases) is to be expected. A consistent risk-seeking behavior would
also be expected, yet it only manifests itself as a frequent choice pattern in the ML-MRL-MHL
and ML-MRL-MCL cases in the Czech and Italian samples. For high pay-offs, the frequency of the
occurrence of the MR-effect is higher than the one of consistent risk-seeking choice-patterns.
Also, we should stress that the frequency of occurrence of the MR-effect is comparable with
the frequency of the A-A-A choice-pattern in the Finnish and Italian samples in low pay-off
items. It therefore seems that the MR-effect can be considered a deviation from consistent risk
aversion, which is caused by a specific format of presentation of information concerning risk.
However, to further explore the viability of this hypothesis, the analysis needs to be performed
on a subset of the sample, which can be considered risk-averse. In the next section, we therefore
introduce a method to define a fuzzy partitioning of the sample into subsamples with respect
to the risk attitude of the respondents.

5 Fuzzy partition analysis of samples according to risk attitude
Finally, we expand and deepen the above analysis of the existence of the mean & range effect
and its prevalence in the samples by splitting the samples into risk-seeking, risk-neutral, and
risk-averse respondents. We can then analyze these subsamples to see, whether the occurrence
of the MR-effect is linked with a specific risk attitude6. In order to do this, we either need to
know the risk-attitude of the respondents and assume that it remains the same in all situations or (consistently with the within-decision-maker risk-attitude variability confirmed e.g.
by Wu, Wu, Sun and Yang (2013)) we can define risk-aversion, risk-neutrality, and risk-seeking
measures (rates) and allow each respondent to partially belong to the risk-neutral, risk-averse,
and risk-seeking group at the same time. This partial belonging means, in other words, the
introduction of a fuzzy partitioning of the sample into fuzzy subsets and the analysis of these
fuzzy subsets.
Let us first describe the methodology that underlies the creation of such a partitioning
inspired by Morreale, Stoklasa and Talášek (2016) and using a similar notation. For details on
the underlying theoretical concepts, see Dubois and Prade (2000) or Klir and Yuan (1995).

5.1 Fuzzy Partitioning
Let H = {h1,…,hn} be the set of n respondents from the given country and Q = {q1,…,qm } be the
set of all the items (questions) in the questionnaire provided to the respondents. In the Italian
and Czech cases m =16 (8 low and 8 high pay-off items), and in the Finnish case m = 8 (only 8
low pay-off items).
To define the fuzzy partitioning of the sample into the above mentioned three fuzzy subNote, that for risk-neutral respondents the results should be interpreted with caution, as the choice between A
and B is not a matter of rationality. Only the consistency of answers can be assessed.
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samples, we need a measure for the different risk attitudes of the respondents that is, measures
for risk-seeking, risk-neutrality, and risk-aversion must be “defined”. We propose and use a
relative frequency of different types of answers as a measure for the risk attitude, e.g., the relative frequency of the risk-neutral answers (AA or BB) of each respondent to the m questionnaire items is used as a measure of risk neutrality. For a respondent i we can thus define a
0
risk-neutrality rate ri as the number of AA or BB answers divided by m, symbolically
#( AA or BB )i
0
, i=1,...,n. Analogously a risk-aversion rate can be defined for each respondent as
ri
m
#( A)i , and arisk-seeking rate as r B #( B )i , i=1,...,n.
A
i
r
i

m

m

Figure 6.
and h19

13

is fully

If we use these definitions, it holds that ri0 + riA + riB = 1 for all i = 1,…,n. This way a respondent
i can either be considered fully risk-seeking (ri0 = riA = 0 and riB = 1), fully risk-averse (ri0 = riB
= 0 and riA = 1), fully risk-neutral (riA = riB = 0 and ri0 = 1), or also representing two or all of
these risk attitudes to a certain extent at the same time. Note that this way we do not need
to set any thresholds to specify, if a person is a risk-seeker, risk-averse, or risk-neutral, but
we allow for the coexistence of these risk attitudes in one person. Since this is the case, the
subset of, e.g., risk-neutral respondents will be a fuzzy subset of H, which can be defined
0
" 0
%
as H 0 ! # r1 h1 , ..., rn hn & . H⁰ represents the fuzzy set of risk-neutral respondents defined on the crisp
$
'
set H. Analogously we can define the fuzzy set of risk-averse respondents as a fuzzy subset of H as
A
B
"rA
%
" B
%
A
B
H ! # 1 h , ..., rn h & , and the fuzzy set of risk-seeking respondents H ! # r1 h , ..., rn h & . An example
1
1
n
n
$
'
$
'
of the results of this process is summarized in Figure 6, where the membership degrees of the
respondents to the respective fuzzy sets (partitions describing risk attitude) are represented
in different colors (membership degrees are represented by the length of the bar in the given
color).
We can also define a fuzzy set representing a specific answering pattern (e.g., A-A-A) to
#
&
!A
" $ ans1 h1 , ..., ansn hn ' , where
a specific selection of items (e.g., ML-MRL-MHL) as ANS MA!L A! MR
L ! MH L
%
(
ansi = 1 if the choice-pattern of the respondent hi to the set of items, ML-MRL-MHL is A-A-A and
A A A
ansi = 0 otherwise, for all i = 1,…,n. Note, that ANS M L MRL MH L is, in fact, a fuzzy set representation
of a crisp set of respondents that apply the choice-pattern A-A-A to ML-MRL-MHL. The cardin
!A
nality of this fuzzy set Card ANS MA!L A! MR
" % i "1 ansi represents the frequency with which
L ! MH L
the choice-pattern A-A-A was utilized in the given sample to answer to M L-MRL-MHL. If
we are interested in checking this frequency in a specific fuzzy subset of the sample,
say in the fuzzy set of risk-neutral respondents, we need to compute the cardinality of

|

|

|

|

|

|

|

#

$
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# $ %&' min{r ,ans }|h , ..., min{r ,ans }|h ()*
0
1

1

0
n

1

#

Card H 0

"

n

n

We can compute the cardinality in the

$

!A
ANS MA!L A! MR
" ' i "1 min %ri 0 , ansi & .
L ! MH L
n

#

!A
0
ANS MA!L A! MR
Note that Card H
no longer has the standard interpretation in terms of freL ! MH L
quency understood as the number of elements in the subset. This measure is a generalization
of the standard (crisp) frequency computed as a sum of membership degrees of the elements
in the fuzzy set. This means that it coincides with the standard notion of frequency if both H0
A A A
and ANS M L MRL MH L are crisp sets. Nevertheless, and keeping the above mentioned in mind, we
will use the term “frequency” to denote this variable within the framework of this fuzzy analysis. Other choice-patterns and fuzzy subsets of H can be treated in the same way.

5.2 Results of the Analysis Performed on the Fuzzy Subsets Reflecting Risk-Attitude
To get as comprehensive measures of risk-attitudes as possible, sixteen answers for each respondent were required, hence only the Italian and the Czech samples were analyzed this way7.
The results of the analysis based on the specific fuzzy subsets of respondents based on their risk
attitude are presented in Tables 5 and 6.
Let us start with the subset of risk-neutrals. This subset represents over 15% of the Italian
sample (cardinality-wise) and over 29% of the Czech sample. As it was pointed out in the footnote 6 above, the risk-neutral subset is difficult to assess, since risk-neutrality entails indifference to risk and as such indifference between two alternatives with the same expected pay-off.
What we can look for is the consistency of answers. We can see that for risk-neutrals the patterns A-A-A, A-B-A, A-B-B, and B-B-B are the most frequent answering patterns in the low-payoff setting in the Italian sample, but in the Czech sample, A-B-A is not among the most frequent
patterns for risk-neutral respondents. However, in both countries in connection with high payoffs the A-B-A pattern, associated with the MR-effect, is the second most frequently observed
pattern. This suggests that the MR-effect is relevant also for risk-neutral decision-makers, as far
as high pay-offs are considered.
s

p

Card( H
ANS q ) , where s
p is the given choice-pattern, and q represents the set of items to which the answers

Table 5.
were provided.
ML-MRL-MHL
neutral

ML-MRL-MCL

MH-MRH-MHH

MH-MRH-MCH

riskriskriskriskriskriskaverse neutral seeking averse neutral seeking averse

averse neutral

A-A-A 2.8125

11.9375

A-A-B
A-B-A 2.9375
A-B-B
B-A-A

1.3125
5.1875

3.3125
5.8125

1.1875

1.8125

2.1875

7
Only 8 items concerning low-payoffs were used in the pilot study carried out in Finland. The fuzzy partitioning of
this sample into fuzzy sets of risk-seeking, risk-neutral and risk-averse decision-makers was therefore not carried
out.
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B-A-B
B-B-A

2.8125

B-B-B

2.8125

In the risk-seeking subsets that cardinality-wise represent over 29% of the Italian sample and
over 26% of the Czech sample, one would expect the B-B-B pattern to be the most frequent, as it
is in line with the risk-seeking behavior. This is the case for low pay-offs in the Czech Republic
and also for the high pay-offs in the Italian sample. In connection with the low payoffs in the
Italian sample, A-B-B is more frequent than B-B-B and surprisingly in the Czech high-pay-off
setting A-B-A seems to be the most frequent answering pattern for risk-seekers, closely followed
by A-A-A.
It must be noted, that counter-intuitively the consistently risk-averse A-A-A pattern is rather
frequent for risk-seekers in both countries under high pay-offs. Since the results from Italy and
the Czech Republic are not entirely consistent with each other, we can only conclude that there
is a possibility that the mean & range effect is possibly an issue among risk-seekers under high
pay-offs. In any case, examples that suggest the existence of the MR-effect can also be found in
the risk-seeking population under high pay-offs.
s

p

Card( H
ANS q ) , where s
p is the given choice-pattern and q represents the set of items to which the answers

Table 6
were provided.
ML-MRL-MHL

ML-MRL-MCL

MH-MRH-MHH

MH-MRH-MCH

riskriskriskriskriskriskriskriskriskriskriskneutral seeking averse neutral seeking averse neutral seeking averse neutral seeking averse
A-A-A

1.8125 12.8125 3.875

A-A-B

1.3125

A-B-A
A-B-B

12.375

5.3125 2.3125
3.1875

7.9375

1.1875

B-A-A

2.9375

B-A-B

1.1875

B-B-A

1.9375

2.1875

B-B-B 1.9375

The population for which our results seem to be the most important is the group of risk-averse
decision-makers, since A-B-A appears to be a deviation from consistent risk-aversion. The riskaverse make also the largest subsets of the collected samples and cardinality-wise this group
makes over 55% of the Italian sample and over 44% of the Czech sample. For risk-averse people,
A-A-A can be considered to be the rational answering pattern. In line with this assumption,
A-A-A is the most frequent answering pattern for the risk-averse decision-makers in Italy and
in the Czech Republic in the case of both high and low pay-offs. Among the Italian risk-averse
the second most frequent answering pattern is A-B-A regardless of the level of pay-off, for the
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Czech risk-averse A-B-A is the second most frequent only in the high pay-off cases. In the presence of high pay-offs, we have thus confirmed a clear existence of the MR-effect among the
risk-averse decision-makers. This, we feel, is an important result, since the risk-averse seem to
be the “most endangered” by information presentation formats that are capable of affecting
their decision-making.

5.3 Discussion of the Analysis Performed on the Fuzzy Subsets of the Original Samples
For the purpose of the fuzzy-subset analysis, we have introduced measures of risk-aversion,
risk-seeking and risk neutrality for the decision-makers based on a complete set of their
choices within the 16-item questionnaire. This was done in order to capture possible “shades”
of risk-attitudes and to capture occasional deviations from ideally consistent risk-attitudes.
One of the most important reasons for the introduction of the partition of the sample into
subsamples with respect to the risk-attitude of the decision-makers is the fact that standard rationality can be prescriptive (normative) only for risk-averse and risk-seeking decision-makers.
Mainly in the cases where the expected pay-offs for the sure and risky alternatives are the same.
It is therefore necessary to “extract” the risk-neutrals from the sample.
This paper presents an exploratory study identifying the existence of a phenomenon
(named mean & range effect) and two confirmatory replications of the research design (extended by the high-payoff cases). The results confirm that there is a specific form of presenting information concerning risk (the “mean and range”, MRL/H) under which over 20% of the
respondents in the samples (and overall) choose a risky alternative even though they prefer a
sure payoff in other instances of the same decision-making problem differing just by the risk
presentation form, particularly in the case of high payoffs. This can be an issue in the risk-neutrals’ decision making (if consistency of choices, i.e. non-randomness, is assumed in indifferent
cases); We have also found evidence of the occurrence of the phenomenon among risk-seekers.
But most importantly the MR-effect is frequent among risk-averse decision-makers, who constitute
the largest subgroup of the sample. The conditions for the deviation from a continuous riskaverse behavior coincide with one of the most present forms of presentation of information
concerning risk (Shapira, 1986). The MR-effect manifests itself when the decision-maker is presented with the expected value and range of possible values of a random variable as a summary
of possible outcomes of this variable. Under this condition, the frequency of choosing a risky
alternative over a sure pay-off one with the same expected value increases significantly in the
sample.
Although this paper presents the results of an exploratory study of the existence and prevalence of the MR-effect in the population, several plausible hypotheses can be formulated to explain the shift towards the preference of a risky alternative embodied by the effect. One possible
explanation of the MR-effect might be that MRL/H is considered to be an incomplete-information
representation of the situation by the decision-makers. Nevertheless, since the payoff range is
suggested (note also, that in this research the alternatives resulted only in gains and losses are
not considered), the decision-makers might see the opportunity of getting more which replaces the
risk. A risky situation is thus perceived as a situation offering a possibility of getting more than
the sure payoff (equal to the expected payoff of the risky option). Alternatively, since MRL/H does
not present a complete-information representation of the situation, some of the decision-makers might have assumed a particular probability distribution (mostly incorrectly, e.g. a uniform
one). Since the probability of getting more than the sure payoff (equal to the expected payoff
of the risky option) is, e.g. under the assumption of a uniform probability distribution, higher
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than the probability of getting less, this again replaces any previous risk measures and the risky
alternative is chosen (since the expected payoff under the incorrectly assumed distribution
seems higher than the declared one). This study was aimed at the identification of the MR-effect,
the confirmation of its existence in different samples and the estimation of its prevalence in the
population. The explanation of the underlying mechanisms (and thus the testing of the above
suggested explanatory hypotheses) remains out of the scope of this paper.
The discovery of the MR-effect and its estimated 20% prevalence in the population also require attention from the perspective of information systems design. The techniques for the
presentation of information concerning risk need to be studied further from the behavioral
perspective. The same applies also to the research on the visualization of information under
uncertainty. The effects and possible biases introduced by using specific methods in various
contexts, such as capital budgeting methods, can most likely be much better understood also
from the point of view of the effects they may have on decision-making behavior.

6 Conclusion
This research focuses on the study of how the format of presenting information about uncertain outcomes affects decision-making when uncertainty is presented simply by a number,
when uncertainty is presented in the form of confidence intervals or ranges of possible values,
and when uncertainty is presented by a more complete presentation format (histograms and
continuous distributions).
Our results, based on the survey administered to participants in Italy-Finland-Czech Republic, clearly show that the amount of information does affect decision-makers’ propensity to
take risks. Specifically, we find that the propensity to take risks does not monotonically change
with the amount of information presented. That is to say that we identified a specific change
in risk propensity that occurs when the risky alternative is presented by its mean value and
the range of its possible values. Adding or reducing information with respect to this setting
increases the frequency of choosing the sure payoff alternative over its risky counterpart in the
studied samples. Interestingly, when information concerning a risky alternative is presented
in such a commonly used traditional way as by the expected value and the range of possible
outcomes, we found that a smaller proportion of the sample chooses the sure alternative compared to the case in which the risky alternative is represented either just by its expected value
or in the form of a continuous distribution (or histogram).
We refer to this phenomenon as the mean & range effect (MR-effect). A roughly 20% prevalence of the MR-effect was found by conducting a respondent-by-respondent analysis for each
country and this prevalence was also confirmed by the fuzzy subgroup analysis for the Italian
and Czech samples. We have found that the population for which our results seem to be most
important is the group of risk-averse decision-makers. However, the MR-effect is relevant also
for both, risk-seeking and risk-neutral decision-makers, as far as high pay-offs are considered.
It can be noted that this finding suggests that there is a possibility to influence the outcome
of a decision-making process, in the risk-neutral and risk-averse populations, by changing the
information presentation format concerning risk (in this case to MRH), as long as consistent
answering is assumed in the risk-neutral population. Moreover, the MR-effect is more predominant with higher sums of money involved. The implications of this finding are possibly
extremely important – consider, for example, the field of investment decision-making, where
the expected return and risk/variance are commonly used as a summary of the expected profitability of an investment and can, according to these results, motivate risk-seeking choices
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in some risk-averse decision-makers. The existence of the MR-effect, confirmed in this paper,
suggests a possibility of a remarkable shift towards riskier investments, which might not be
“voluntary”, from the decision-makers’ point of view, and as such can even be considered a
manipulative practice. The existence of the MR-effect can also prove critical in the context of
group decision-making under risk, where the choice of the form of presentation of information concerning risky outcomes can influence the risk-appetite of some of the decision-makers.
Despite the fact that the existence of the MR-effect has been confirmed by the present study,
and the prevalence of the effect in the population is significant enough to deserve attention,
further studies explaining the mechanisms underlying the MR-effect and their implications on
informed decision-making are interesting subjects for future research. At this point, it is clear
that the standard tools of decision-making under risk and standard risk presentation tools
might require a thorough behavioral validation. Some of the frequently used tools (e.g., the
mean and range representation of risky alternatives) can be operating in a specific behavioral
context and might be creating unintentional cognitive biases in the decision-making process.
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