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Abstract
Inmost risk elicitation tasks, lotteries are presented through a verbal description stating
the outcomes and their likelihoods (e.g., “Win $5 with probability 10%”, “1 in 10
chance towin $5”), sometimes accompanied by a pictorial representation (a pie chart or
bar graph). Literature on risk communication suggests that alternative but supposedly
equivalent numeric formats (e.g., percentages vs ratios) and pictorial displays (e.g.,
continuous vs discrete) may lead to a different perception of risk and concern for it.
The present experiment (N � 95) tests for numeric and pictorial framing effects in a
multiple price list (MPL), where risk information is presented either as percentages
(“10%”) or as ratios (“1 out of 10”) and is accompanied by either two-slice or ten-slice
pies. Results show that neither the numeric framing (adopting ratios) nor the pictorial
framing (slicing pies) significantly altered per se the average elicited risk aversion.
Nonetheless, the pictorial framing significantly reduced the elicited risk aversion for
those participants who focused on the probability of the lottery’s high outcome in their
decisions.

Keywords Framing effect · Risk communication · Risk aversion · Multiple price
list · Lottery choice experiment

JEL Classification C91 · D81 · D91

1 Introduction

Risk aversion can be elicited experimentally through a variety ofmethods (for a review,
see Harrison and Rutström 2008; Charness et al. 2013). Typically, elicitation methods
present the decision maker with a menu of monetary lotteries with varying risk and
ask her to choose the lotteries she prefers. Well-known examples of such elicitation
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methods are the ‘ordered list selection’ (Binswanger 1980; Eckel and Grossman 2002)
and the ‘multiple price list’ (Holt and Laury 2002).

In these elicitation tasks, lotteries can be presented through a verbal description
stating the outcomes and their likelihood (e.g., “Win $5 with probability 10%”, “1/10
chance to win $5”). The numeric risk information may be accompanied by a pictorial
display, such as a pie chart or bar graph (for a review of pictorial displays in risk
elicitation tasks, see Harrison and Rutström 2008, especially Appendix A).

Although alternative numeric formats and alternative pictorial displays may fun-
damentally convey the same risk information (e.g., “10%” vs “1/10”), the literature
on risk communication shows that each format and each display may frame it in a
way that alters the perception of risk (e.g., Halpern et al. 1989; Schapira et al. 2001;
Ancker et al. 2006; Lipkus 2007). For example, in a qualitative study on alternative
formats to convey the risk of a disease, Schapira et al. (2001) find that the figure “1 out
of 10” leads individuals to declare a lower concern for risk than the equivalent figure
of “10%”. A similar but opposite effect is found in pictorial displays: risk information
presented through discrete graphs (e.g., human stick figures) elicits a higher concern
for risk than risk information presented through continuous graphs (e.g., a bar chart)
(Schapira et al. 2001; Ancker et al. 2006).

If alternative numeric and pictorial formats can frame risk differently, then their
use in risk elicitation tasks might give rise to framing effects in the elicitation of risk
aversion. In this paper, I test for numeric and pictorial framing effects in a lottery choice
experiment. Specifically, I administer a multiple price list (MPL) to 95 University
students in a 2 × 2 between-subject design, where risk information is presented either
as percentages (“10%”) or ratios (“1 out of 10”) and is accompanied by a pie chart
sliced either in two or ten slices.

In the MPL task, participants are confronted with a menu of ten pairs of lotteries.
In each of the ten pairs, lottery A and lottery B have two fixed outcomes each and the
same probabilities for the high and low outcomes. For example, lottery A and lottery
B in the first pair are, respectively, A1 � (100, 0.1; 75, 0.9) and B1 � (150, 0.1; 25,
0.9). The remaining pairs are constructed by increasing the probability of the high
outcome by 0.1 and commensurably reducing that of the low outcome, so that the two
probabilities are 0.2 and 0.8 in the second pair, 0.3 and 0.7 in third, and so on to the
last pair, in which they are 1 and 0.

Framings were applied with respect to either numeric risk information or pictorial
risk information or both. Taking as an example lottery A4, the description was either
“Win 100 tokens with probability 40%, win 75 tokens with probability 60%” or “Win
100 tokens with probability 4 out of 10, win 75 tokens with probability 6 out of 10”.
Pictorially, lottery A4 was accompanied by either a standard pie chart with one blue
slice covering 40% of the pie and one orange slice covering the remaining 60%, or a
‘sliced’ pie chart with 4 blue slices and 6 orange slices.

Risk aversion was elicited under the two (numeric) × two (pictorial) framings. It
was measured as the number of the menu row where lottery B, the riskier lottery of
the pair, is first selected by the participant. A weighted linear regression shows that
the numeric framing (using ratios) and the pictorial framing (slicing pies) reduce the
switching row, respectively, by 0.27 (p � 0.621) and 0.84 (p � 0.255). This implies
that, on average, the two numeric and pictorial framings do not significantly change
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the number of the row where participants switch their selection from the safer lottery
A to the riskier lottery B. These results remain not significant when controlling for
potential confounders, such as the tendency tomentally convert a numeric format to an
equivalent one (e.g., percentages in ratios) and the degree of perceived inconsistency of
the numeric information with the pictorial display (e.g., the use of ratios with standard
pies, respectively conveying risk information as units and proportions).

The experiment found, however, an interaction effect between the two framings
and the probability which draws the most attention: participants who declare to have
focused more on the probability of the high outcome when making decisions exhibit a
lower switching rowwhen presentedwith ratios (− 3.7; p� 0.075) andwhen presented
with sliced pies (− 8.17; p � 0.001).

Ultimately, the findings of the present experiment suggest that, inMPLs and similar
lottery-based tasks, the elicitation of risk aversion may be robust to both numeric
formats (i.e., percentages and ratios), but the impact of the pictorial framing may
depend on which probability draws the most attention.

The rest of the paper is structured as follows. Section 2 reviews the literature
on numeric and pictorial framings and formulates the related hypotheses. Section 3
illustrates the MPL task and the experiment design. Section 4 reports the estimation
of treatment effects and potential confounding factors, and Sect. 5 concludes.

2 Related Literature and Hypotheses

2.1 Numeric Presentation of Risk

Typically, numeric information in MPLs is conveyed either as percentages (e.g.,
Lévy-Garboua et al. 2012; Maart-Noelck and Mußhoff 2014; Gamba et al. 2017;
Bauermeister and Mußhoff 2019) or as ratios in base 10 (e.g., Holt and Laury 2002,
2005; Crosetto and Filippin 2016; Drichoutis and Lusk 2016). Thus, MPLs elicit risk
aversion by employing relatively ‘simple’ numbers, that is, integers from 1 to 10 and
multiples of 10. No contribution on MPLs has assessed the impact on the elicited risk
aversion of adopting either numeric format.

In the literature on risk communication, the qualitative studyofSchapira et al. (2001)
tests numeric figures similar to those used inMPLs (i.e., “1 out of 10” and “10%”), and
finds that ratios elicit lower estimates of risk because the information conveyed may
be interpreted ‘optimistically’. In fact, when provided with information of the type “1
individual out of 10 is affected by X”, participants tended to identify themselves with
one of the nine cases not affected by X, thus declaring a lower concern for risk than
when they were provided with the equivalent figure of “10%”. A possible explanation
is that decision makers focus more on the absolute value of the ‘foreground’ number
(the “1” in “1 out of 10” and the “10” in “10%”) and less on the ‘background’ number
(the “10” in “1 out of 10” and the “percent” in “10%”), and judge the figure with
the higher foreground to entail a higher risk. In effect, Yamagishi (1997) finds that
individuals judge the information “1286 out of 10,000” to imply a higher risk than
the information “24.14 out of 100”, while no sensible decision maker would consider
the equivalent figures of 12.86% to be higher than 24.14%. Relatedly, Siegrist (1997)
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shows that decisionmakers aremore risk averse when exposed to high risk if presented
with ratios (e.g., 600 out of 1,000,000) rather than a ‘probability’, that is, decimals
between 0 and 1 (e.g., 0.0006).

We now attempt to draw some considerations for the present experiment. First, we
cannot anticipatewhether thefindings of the reviewed literature carry over to the setting
of the present experiment. In fact, while Schapira et al. (2001) test numeric figures that
are typically adopted in anMPL, they do so on the participants’ stated concern for risk
rather than on their risk aversion. Similarly, Siegrist (1997) and Yamagishi (1997) find
numeric framing effects, respectively, on risk aversion and perception, but they rely on
muchmore complicated figures than those of theMPL task. Besides, the experiment by
Siegrist (1997) measures risk aversion in terms of stated willingness to pay to reduce
risk, while MPLs measure risk aversion based on observed choices between lottery
pairs. These differences might hinder the occurrence of numeric framing effects in the
present setting.

Second, if decisionmakers truly focusmore on the absolute value of the foreground,
it means that “10%” will be judged to imply a higher likelihood than “1 out of 10”.
However, in an MPL both the likelihood of the high outcome and that of the low
outcome are explicitly stated (e.g., lottery A1 states, “Win 100 tokens with probability
10%, win 75 tokens with probability 90%”). If percentages lead to an overestimation
of risk with respect to ratios, it means that both probabilities will be overestimated.
Hence, risk aversionmay depend onwhich probability draws themost attention, if any.
In fact, if a decision maker focuses more on the probability of the high outcome, she
will overestimate her probability to win the most desirable outcome of the lottery and
may be tempted to risk more, while if she focuses more on the probability of the low
outcome, shewill overestimate her probability towin the least desirable outcome of the
lottery, and may be tempted to risk less. Finally, if the decision maker focuses equally
on both probabilities, it might be that her risk aversion does not change considerably
across the two numeric formats.1

2.2 Pictorial Presentation of Risk

Only a few contributions have represented probabilities pictorially in the MPL task
(Drichoutis and Lusk 2016; Gamba et al. 2017; Zhou and Hey 2018; Bauermeister
and Mußhoff 2019). When a pictorial display is included, it is typically a pie chart
(e.g., Drichoutis and Lusk 2016; Gamba et al. 2017); still, other formats have been
used, such as bar charts (Zhou and Hey 2018) and colored marbles (Bauermeister and
Mußhoff 2019). No contribution on MPLs has yet assessed the impact of manipu-
lating the pictorial display on risk aversion. A partial exception to this is the study
by Bauermeister and Mußhoff (2019), who compare an MPL where lotteries were

1 This conjecture is supported theoretically by Bordalo et al. (2012)’s salience theory, which argues that
a decision maker distorts probabilities to the extent to which they draw her attention: higher the attention
drawn, higher the ‘decision weight’ assigned to it. In partial support of this conjecture, an eye-tracking
experiment by Frydman and Mormann (2017) suggests that the amount of time spent looking at a lottery’s
‘upside’ (i.e., the value and likelihood of the high outcome) increases the probability of choosing the lottery
over a certain outcome, that is, it decreases risk aversion. I thank an anonymous referee for calling attention
to this point.
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either framed in words (e.g., “10% winning e60, 90% winning e48”) or uniquely via
pictorial representation (a bag of marbles). The authors find that the pictorial display
reduces multiple switching behavior (see Sect. 3.1), but do not test the effect of the
pictorial display on the elicited risk aversion.

The literature on the communication of risk reports several interesting mechanisms
that distort risk perception depending on the adopted pictorial representation (see, e.g.,
Stone et al. 1997, 2003; Schapira et al. 2001; for a review, see Lipkus and Hollands
1999; Ancker et al. 2006; Lipkus 2007). At any rate, the only mechanism that is
relevant for the present experiment concerns the different perception of risk deriving
from discrete graphs as compared to continuous graphs. To the best of my knowledge,
only the study by Schapira et al. (2001) tests the impact of the two types of graphs
on the stated risk aversion. Specifically, in their qualitative study, a sample of middle-
aged American women was presented with two graphs depicting a lifetime risk of
breast cancer of 9%. One graph involved a set of 10 feminine stick figures on a white
background, with the first colored in red for 9/10 of its area. The alternative graph
was a white horizontal bar with 9% of its area colored in red. When presented with
the stick figures, participants declared a higher understanding and higher concern for
the risk involved (i.e., higher stated risk aversion) than when presented with the bar
graph.

Again, we now attempt to draw some considerations for the present experiment.
First, although Schapira et al. (2001) have found that discrete units elicit higher risk
estimates than continuous formats, this is true for specific shapes of discrete units, that
is, stylized women, which further increases emotional involvement (see Ancker et al.
2006).

Second, stick figures do not form a unique, continuous area. By contrast, in our
setting we consider a pictorial display where units are part of the same whole area
and the impact of these units is related precisely to how visually obvious they are
with respect to the whole area. While no contribution has yet shown that contiguity
of units has any effect on risk perception or aversion, it remains difficult to draw firm
hypotheses for our experiment from the study by Schapira et al. (2001).

In light of the insufficient evidence, we will assume that the pictorial framing has
the same effect on risk aversion as the numeric framing (if not enhanced), because it
allows the decisionmaker to visualizemore effectively the areas and units representing
probabilities. Hence, as compared to non-sliced pies, when confronted with sliced pies
the decision maker exhibits higher risk aversion if she focuses on the probability of
the high outcome, because she underestimates the probability of winning the most
desirable outcome of the lottery, and exhibits lower risk aversion if she focuses on the
probability of the low outcome, because she overestimates the probability of winning
the least desirable outcome of the lottery.
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3 The Experiment

3.1 Task

This experiment employs an adapted version of the multiple price list (MPL) method
put forward by Holt and Laury (2002). The MPL task presents subjects with a list
of ten pairs of lotteries. Table 1 reports outcomes and probabilities of our lotteries
as adapted for the experiment. In our adaptation, lottery A has outcomes 100 and 75
tokens, while lottery B has outcomes 150 and 25 tokens. In each pair, the lotteries have
the same probability distribution. This means that the low outcome of lottery A (75)
is as equally likely as the low outcome of lottery B (25), and that the high outcome
of lottery A (100) is as equally likely as the high outcome of lottery B (150). Hence,
since lottery A has the same probabilities but less dispersed outcomes than lottery B,
lottery A is safer than lottery B.

Table 1 shows the MPL administered in the experiment. It is based on the version
proposed by Holt and Laury (2002), although it employs different lottery outcomes:
25, 75, 100, and 150 tokens. In each row, the participant must choose one of the two
lotteries. Risk aversion is measured as the number of the row where lottery B is first
chosen. Note that this table is not shown to participants.

A sensible decision pattern in the MPL task is to choose lottery A for the first
rows, switch to lottery B at some intermediate row, and stick with lottery B for the
remaining rows. In fact, once the decision maker switches to the riskier lottery for a
given probability of winning the high outcome (say, 0.6), there is no reason to switch
back to the safer lottery when the probability of winning the high outcome is even
higher (say, 0.8). However, in theMPL task it is common to observemultiple switching
behavior—that is, selecting A for some rows, then B for some others, and then A
again for some or all the remaining ones (Holt and Laury 2002; Lévy-Garboua et al.
2012; Bauermeister andMußhoff 2019). Thus, in accordance with the methodological

Table 1 The MPL administered in the experiment

Row Lottery A Lottery B �EV

HA P(HA) LA P(LA) HB P(HB) LB P(LB)

1 100 0.1 75 0.9 150 0.1 25 0.9 − 40

2 100 0.2 75 0.8 150 0.2 25 0.8 − 30

3 100 0.3 75 0.7 150 0.3 25 0.7 − 20

4 100 0.4 75 0.6 150 0.4 25 0.6 − 10

5 100 0.5 75 0.5 150 0.5 25 0.5 0

6 100 0.6 75 0.4 150 0.6 25 0.4 10

7 100 0.7 75 0.3 150 0.7 25 0.3 20

8 100 0.8 75 0.2 150 0.8 25 0.2 30

9 100 0.9 75 0.1 150 0.9 25 0.1 40

10 100 1 75 0 150 1 25 0 50
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literature on the MPL task (notably, Andersen et al. 2006), the present experiment
implemented an ‘autocompletion feature’ to enforce a unique switching point. The
effect of this feature was that, once the participant selected her first lottery B, all
lottery Bs in the subsequent pairs were automatically selected. For example, if lottery
B was selected at row 6, then lottery B was automatically selected also for rows 7–10.
Similarly, once the participant selected a lottery A, all lottery As in the preceding
pairs were automatically selected. For instance, if lottery A was selected at row 6,
then lottery A was also automatically selected for rows 1–5. This implies that the
measurement of risk aversion can be based on the ‘switching row’, that is, the number
of the row where the decision maker switches her lottery selection from the safer
lottery A to the riskier lottery B.2

3.2 Treatments

The participants were not presented with lotteries in the form shown in Table 1.
Rather, as anticipated, these lotteries featured a verbal description and a pictorial
representation, and framings at both dimensions were performed (Fig. 1).

Taking as an example lottery A4, the numeric risk information was either framed as
percentages (“Win 100 tokens with probability 40%, win 75 tokens with probability
60%”) or as ratios in base 10 (“Win 100 tokens with probability 4 out of 10, win 75
tokens with probability 6 out of 10”). As concerns the pictorial framing, one version
employed a standard pie chart, representing risk information by means of proportions
between slices. I chose the pie chart since it is awidely adopted display and participants
were assumed to have familiarity with it. Since in our task lotteries have only two
outcomes, the pie has only two slices—the blue slice represents the probability of the
high outcome; the orange slice represents the probability of the low outcome.

The alternative framing was to ‘slice’ the standard pie into ten equal slices. Taking
again as example lottery A4, the pie had 4 blue slices representing the high outcome
and 6 orange slices representing the low outcome. For the remainder of this paper, the
ten-slice pie will be termed ‘sliced’, while the standard pie will be termed ‘non-sliced’.

The experiment employed four treatments, given by the combination of the fram-
ings: a treatment with non-sliced pies and percentages (NSP), a treatment with
non-sliced pies and ratios (NSR), a treatment with sliced pies and percentages (SP),
and a treatment with sliced pies and ratios (SR).

2 Since in each pair lottery A has the same probabilities as lottery B and less dispersed outcomes, lottery
A is safer than lottery B. Intuitively, risk aversion could be measured as the number of ‘safe’ choices, that
is, the number of times lottery A is selected. However, risk aversion can be equivalently measured as the
number of the row where the participant first selects lottery B, that is, the ‘switching row’. In fact, if the
switching row for the participant is unique, as is the case in the present experiment, the number of safe
choices ultimately equates to the switching row minus 1. For example, if a decision maker switches her
selection at row 5, it means that she has chosen lottery A exactly 4 times.
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Fig. 1 An illustration of lottery pair 4 in the four treatments

3.3 Procedure

The experiment was programmed and conducted with oTree (Chen et al. 2016;
Holzmeister 2017). Itwas run inMay and June 2019 in three sessions at theDepartment
of Economics of the University of Insubria, Varese (Italy). Participants were students
enrolled at the University of Insubria—mostly undergraduates—randomly recruited
through advertising on campus and social media. The experiment was conducted in
Italian. The final sample counted 95 observations.3

3 The starting sample counted 100 participants. A non-Italian native was excluded because he gave incon-
sistent answers in the questionnaire (e.g., he declared himself 60 years old), thus casting doubts on his ability
to comprehend instructions and perform the task in general. Four participants were excluded because they
failed to switch to lottery B at row 10 (i.e., they preferred a sure gain of 100 tokens to a sure gain of 150
tokens). However, their exclusion had negligible effects on the estimation results.
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Upon arrival, participants were randomly assigned to computer terminals separated
by dividers. Each participant was then randomly assigned to one and only one treat-
ment. Instructions for the MPL task were displayed on each participant’s screen and
read aloud by the experimenter (see Appendix A).

In the task, the participant had to select, for each row, the lottery she preferred
by clicking on the corresponding radio button below the lottery description. After all
selections were performed, the participant could press the confirmation button. Only at
this point were her answers considered definitive. Then, the program selected one row
at random, played the lottery chosen at that row, and displayed results on a separate
screen. The conversion rate between token and euro was 25:1, meaning that 25, 75,
100, and 150 tokens were worth, respectively, e1, e3, e4, and e6.

At the end of the task, participantswere confrontedwith a computer-based question-
naire (available in Appendix B) about sociodemographic characteristics and potential
confounders for treatment effects (selected descriptive statistics reported below).

Finally, participants were confronted with an adapted, non-incentivized version of
the Raven’s progressive matrices test (Appendix C). The test aimed at collecting a
measure of the participant’s cognitive ability, since the related literature suggests a
relationship between this trait and risk aversion (e.g., Taylor 2013). In our adaptation,
the test consisted of six matrices to be filled in within a total time of six minutes.

Participants were told that, for the completion of both the questionnaire and the test,
they would be rewarded with 25 tokens (e2), irrespective of the answers provided. At
the end of the experiment, each participant received her final prize—consisting of the
prize from the MPL task plus the prize from questionnaire and test completion—in
a sealed envelope, marked with the participant code used for identification purposes
(while guaranteeing anonymity). The average prize amounted to e6.32, for a com-
mitment of no more than thirty minutes. All monetary prizes were delivered through
Amazon gift cards of equivalent value.

3.4 Sample

Participants’ mean age was 22.35 (SD � 2.09), within a range of 19–30 years. Fifty
participants were male (52.63%) and nine (9.5%) were non-Italian natives (but spoke
Italian). The majority were bachelor’s students (79; 83.15%), twenty-three (24.21%)
were from fields other than economics (e.g., computer science) and only eighteen
(18.95%) had previously taken a course on decision making under risk. Descriptive
statistics for demographics in each treatment are reported in Table 2.

A one-way ANOVA test on the age means and Fisher’s exact tests on the frequen-
cies of the remaining demographics show that differences across treatments are not
statistically significant.
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Table 2 Descriptive statistics for socio-demographic variablesa

Variable NSP NSR SP SR Overall

Age

Mean 22.33 22.43 22.46 22.36 22.35

SD (2.22) (2.42) (1.85) (1.95) (2.09)

Male 0.41 0.48 0.68 0.57 0.53

Italian 0.93 0.90 0.89 0.96 0.91

Education

High school diploma 0.08 0.09 0.21 0.21 0.15

Bachelor’s degree 0.70 0.67 0.68 0.68 0.68

Master’s degree 0.22 0.24 0.11 0.11 0.17

Field

Economics 0.78 0.75 0.68 0.79 0.76

Computer Science 0.11 0.10 0.22 0.11 0.13

Medicine and
Nursing

0.11 0.10 0.05 0.07 0.08

Communication
Science

– 0.05 0.05 0.03 0.03

N 27 21 19 28 95

aGiven as proportion (when not specified otherwise). Differences in Age were tested through a one-way
ANOVA; differences in the frequencies ofMale, Italian, Education and Field were tested through Fisher’s
exact tests. Both tests show that differences across treatments are not statistically significant

4 Results

4.1 Treatment Effects

Our variable of interest is the switching row, that is, the row where the participant
switches selection to lottery B. As already discussed, higher values for the switching
row denote higher risk aversion. Overall, the average switching row is 6.05 (SD �
2.11), meaning that on average the participant switched to the risky lottery at row 6,
where the expected values of lotteries A and B are equal. Descriptive statistics for the
switching row variable across the four treatments are graphed in Fig. 2; histograms
with the frequency of each switching row across treatments can be found in Appendix
D. As Fig. 2 show, the distributions of the switching row in the two treatments with
ratios (NSR and SR) are very similar to each other, as they have a very close mean (6.1
vs. 6.07) and standard deviation (1.84 vs. 1.74). The difference is more accentuated
between treatments NSP and SP, with considerably different means (6.37 vs. 5.53)
and standard deviations (2.02 vs. 2.93). Also, these two treatments differ considerably
from their respective counterparts with ratios. Notably, treatment SP has the lowest
mean (5.53) and highest standard deviation (2.93).
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Fig. 2 Distribution of the switching row variable across treatments. The figure shows a bar graph with the
mean value of the switching row across treatments (left); segments denote standard errors. On the right, the
figure shows a boxplot with the switching row’s standard deviation, mean (dotted line) and median (thick
line) across treatments. The switching row value ranges from 1 (lottery B is first selected at row 1) to 10
(lottery B is first selected at row 10)

To estimate the effects of the numeric and pictorial framings on the switching row
(i.e., treatment effects), three alternative model specifications were compared:

SWi � β0 + β1Ratio Formati + β2Sliced Piei + β3Ratio Formati
× Sliced Piei + εi, (1)

SWi � β0 + β1Ratio Formati + β2Sliced Piei + β3Ratio Formati
× Sliced Piei + Di + εi, (2)

SWi � β0 + β1Ratio Formati + β2Sliced Piei + β3Ratio Formati
× Sliced Piei + Di + Xi + εi, (3)

where Di � β4 Agei + β5 Malei + β6 Italiani and Xi � β7 Decision Familiari + β8
Raven Matricesi.

Model 1 includes only treatment variables, that is, dummy variables indicating
whether probabilities are expressed as ratios (Ratio Format) and pies are sliced (Sliced
Pie), as well as the interaction between the two (Ratio Format × Sliced Pie).

Model 2 includes a vector of demographic controls (Di) related to the subject’s age,
sex (Male), and nationality (Italian). Model 3 includes a vector (Xi) which captures
whether the participant had previously taken a course in decision making under risk
(DecisionFamiliar, dummy) and the number ofRaven’s testmatrices filled in correctly
by the subject (Raven Matrices, which takes a value from 0 to 6).4

Estimation results for the three specifications are reported in Table 3. Model 1
tests the effect of treatment variables on the switching row. Results show that both
framings reduce the switching row value, but their effect is not statistically significant.

4 Other sociodemographic regressors captured the degree and field of education of the participant. However,
their effect was not statistically significant, and their inclusion did not significantly alter the estimation
results.
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Table 3 Estimation of treatment
effects Variables (1) (2) (3)

Switching
Row

Switching
Row

Switching
Row

Ratio Format − 0.275 − 0.236 − 0.188

(0.618) (0.578) (0.591)

Sliced Pie − 0.844 − 0.703 − 0.688

(0.636) (0.606) (0.613)

Ratio Format ×
Sliced Pie

0.820 0.842 0.835

(0.884) (0.832) (0.841)

Age − 0.246** − 0.230**

(0.101) (0.107)

Male − 0.775* − 0.818*

(0.427) (0.447)

Italian − 1.797** − 1.769**

(0.788) (0.798)

Decision Familiar − 0.224

(0.567)

Raven Matrices − 0.0402

(0.123)

Constant 6.370*** 13.84*** 13.60***

(0.409) (2.437) (2.525)

Observations 95 95 95

R-squared 0.019 0.174 0.177

Model 1 was estimated through Weighted Least Squares; Models 2,
and 3 throughOLS. Standard errors in parentheses. Significance levels:
***p < 0.01, **p < 0.05, *p < 0.1

Specifically, the numeric framing reduced the switching row by 0.27 (p � 0.621),
suggesting that, with respect to participants exposed to percentages, those exposed to
ratios anticipate their selection of lottery B, on average, by considerably less than one
row. By contrast, the pictorial framing reduced the switching row by 0.84 (p� 0.255),
implying that, on average, participants exposed to sliced pies anticipated the selection
of lottery B by about one row compared to participants exposed to non-sliced pies.
These effects remain nonetheless not statistically significant. The interaction effect
between the two variables increases the switching row by about one unit (0.82), but
again it is not statistically significant (p� 0.391). These results remain not statistically
significant also when estimating the three specifications with pooled data, that is,
using as grouping variable the numeric format irrespective of the pictorial display
and, conversely, the pictorial display irrespective of the numeric format (see Tables 8
and 9 in Appendix E). Similar results are found when performing non-parametric
exact tests on both non-pooled and pooled data. In fact, a Kruskal–Wallis rank test
fails to reject the null hypothesis of equality of populations with a p-value of 0.753
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when performed on non-pooled data, and with a p-value of 0.988 and 0.376 when
performed on data pooled, respectively, by numeric format and by pictorial display.

Model 2 controls for demographic variables and Model 3 for familiarity with deci-
sion making under risk and for cognitive ability. Among demographic controls, age,
sex, and nationality reduce the switching row, respectively, by approximately 0.2 (p
� 0.017; p � 0.034), 0.8 (p � 0.073; p � 0.071) and 1.8 (p � 0.025; p � 0.029)
in both models. Finally, familiarity with decision making under risk and cognitive
ability slightly decrease the switching row as well, but their effect is not statistically
significant (p � 0.694 and p � 0.746, respectively).

4.2 Heterogeneous Treatment Effects

As argued in Sect. 2, there is reason to conjecture that the elicitation of risk aversion
could depend onwhich probability between that of the high outcome and that of the low
outcome draws the most attention. Table 4 reports the proportion of participants that
deemed the probability of the high outcome less, equally, or more relevant for decision
than that of the low outcome. Table 4 also reports the proportion of participants who
declared that the pie chart was less, equally, or more relevant for decision than the
numeric information. Fisher’s exact tests show that differences across treatments are
not statistically significant.

To estimate heterogeneous treatment effects, the treatment variables in the three
models specified in Sect. 4.1were interactedwith the stated relevance of the probability
of the high outcome for decision. Specifically, the regressorUpside Relevant captures
whether the participant declared that the probability of the high outcome was less
relevant (0), equally relevant (1), or more relevant (2) for decision than the probability
of the low outcome. The additional specifications were estimated also controlling for
the relevance of the pictorial display with respect to that of the numeric information:

Table 4 Descriptive statistics for the relevance of probability of high outcome (lottery’s upside) and relevance
of the pie for decision with respect to that of the numeric informationa

Variable NSP NSR SP SR Overall

Relevance of upside

Lower 0.07 0.24 0.16 0.11 0.14

Equal 0.78 0.57 0.74 0.71 0.70

Higher 0.15 0.19 0.10 0.18 0.16

Relevance of the pie

Lower 0.85 1 0.95 0.82 0.89

Equal 0.15 – 0.05 0.14 0.10

Higher – – – 0.04 0.01

N 27 21 19 28 95

aGiven as proportion (when not specified otherwise). Fisher’s exact tests show that differences across
treatments are not statistically significant
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Pie Relevant is a dummy variable which takes the value of 1 if the participant declared
paying at least equal attention to the pie chart as to the numeric information.

Estimations are reported in Table 5. Results show an interaction effect between
the two framings and the relevance of the lottery’s upside for decision. Specifically,
when the participant declares to have focused more on the lottery’s upside than the
lottery’s downside, her switching row is reduced by around 4 points when exposed to
ratios (p � 0.075) and by around 8 points when exposed to sliced pies (p � 0.001).
Estimating the three models of Sect. 4.1 on the three subgroups of Upside Relevant
yields consistent results (see Appendix E, Table 10). However, these results are not
confirmed by non-parametric exact tests: a Kruskal–Wallis rank test performed on
the three Upside Relevant subgroups fails to reject the null hypothesis of equality of
populations with p-value of 0.218, 0.264 and 0.056, respectively, for the first, second
and third subgroups.

4.3 Confounding Effects

In the questionnaire I also collected data on potential confounders for the two framing
effects. Beginning with the numeric framing, I asked participants whether they con-
verted a probability in another format in their mind, such as a ratio in the equivalent
percentage format, or vice versa, or whether they stuck with the given format. As
reported in Table 6, while most participants reasoned with the probability format they
were provided with (66; 69.47%), some participants did convert one format into the
other, and the conversion was more frequent for participants in ratio treatments (19
out of 49; 39%) than for participants in percentage treatments (5 out of 46; 11%).
A chi-squared test shows that this difference is statistically significant (p � 0.003).5

Nonetheless, it is difficult to argue whether such format conversion did actually hinder
the numeric framing effect. In fact, converting a format in one’s mind does not ‘cancel’
the starting format from one’s view, implying that the effect of the ratio format might
still be in place despite the mental conversion. In partial support of this conjecture, a
set of linear regressions controlling for whether participants have reasoned in ratios
show no impact on the ratio format coefficient.6

A second, potential confounder for the two framing effects is related to the perceived
consistency between the numeric and the pictorial information provided. In fact, the
use of a continuous graph to represent discrete data, such as a standard pie to represent
ratios (or the use of a discrete graph to represent continuous data, such as a sliced
pie to represent percentages) might give rise to an additional cognitive burden and

5 In Table 6, I report the proportion of participants converting probabilities using the numeric format as
grouping variable, that is, based on whether participants were exposed to either percentages or ratios,
irrespective of the pictorial display. However, the difference is statistically significant also when the test is
performed using the treatment as grouping variable (p � 0.014).
6 I ran the regressions in Table 3 and in Table 5 with two additional controls: one is a binary variable that
takes the value of 1 if the participant converted percentages in ratios or did not convert ratios when exposed
to them (Perceived Ratio); the other is a binary variable that takes the value of 1 if the participant declared
the two framings inconsistent (Perceived Inconsistency). The significance of the coefficients of treatment
variables proves robust to the inclusion of both controls. Estimations are reported in Appendix E, Tables 11
and 12.
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Table 5 Estimation of treatment effects interacted with relevance of lottery’s upside

Variables (1) (2) (3) (4)

Switching
Row

Switching
Row

Switching
Row

Switching
Row

Ratio Format 2.200 1.989 1.962 1.822

(1.585) (1.521) (1.525) (1.546)

Sliced Pie 3.667** 3.641** 3.607** 3.669**

(1.730) (1.683) (1.688) (1.689)

Ratio Format × Sliced Pie − 3.200 − 3.068 − 3.000 − 3.068

(2.215) (2.170) (2.177) (2.177)

Upside Relevant 1 1.667 1.336 1.406 1.225

(1.402) (1.341) (1.347) (1.361)

Upside Relevant 2 0.500 0.944 1.060 0.864

(1.641) (1.577) (1.588) (1.599)

Ratio Format × Upside Relevant 1 − 2.533 − 2.186 − 2.229 − 1.934

(1.727) (1.662) (1.667) (1.696)

Ratio Format × Upside Relevant 2 − 3.700* − 3.847* − 3.929* − 3.782*

(2.076) (2.008) (2.016) (2.024)

Sliced Pie × Upside Relevant 1 − 4.833** − 4.602** − 4.617** − 4.684**

(1.849) (1.785) (1.790) (1.790)

Sliced Pie × Upside Relevant 2 − 8.167*** − 7.840*** − 7.909*** − 8.111***

(2.384) (2.310) (2.317) (2.321)

Ratio Format × Sliced Pie × Upside
Relevant 1

3.833 3.752 3.826 3.857

(2.411) (2.342) (2.350) (2.351)

Ratio Format × Sliced Pie × Upside
Relevant 2

9.900*** 9.148*** 9.267*** 9.705***

(3.035) (2.975) (2.986) (3.001)

Pie Relevant − 0.506 − 0.696

(0.643) (0.658)

Age − 0.171* − 0.186* − 0.154

(0.0958) (0.0977) (0.102)

Male − 0.803* − 0.773* − 0.827*

(0.417) (0.420) (0.432)

Italian − 1.196 − 1.246* − 1.155

(0.741) (0.745) (0.748)

Decision Familiar − 0.355

(0.516)

Raven Matrices − 0.150

(0.120)

Constant 5*** 10.46*** 10.81*** 10.64***

(1.340) (2.638) (2.682) (2.752)
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Table 5 (continued)

Variables (1) (2) (3) (4)

Switching
Row

Switching
Row

Switching
Row

Switching
Row

Observations 95 95 95 95

R-squared 0.288 0.377 0.382 0.398

Standard errors in parentheses. Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1

Table 6 Frequencies and
proportions of participants who
converted probabilitiesa

Numeric Format Did not convert Convertedb

Percentages (n � 46) 39 (0.85) 5 (0.11)

Ratios (n � 49) 27 (0.55) 19 (0.39)

a‘Percentages’ and ‘Ratios’ denote the format with which probabilities
were given, irrespective of the treatment
bSome participants confronted with percentages declared to have con-
verted ‘ratios to percentages’, while this clearly cannot be the case.
Similarly, some participants confronted with ratios declared to have
converted ‘percentages to ratios’. These participants were excluded
from the ‘Converted’ figures

increase the perceived complexity of the task. Thus, in the questionnaire I attempted
to assess the degree to which the participant considered the numeric framing to be
consistent with the pictorial one. Framings in treatments NSP and SR are consistent
with one another because, in each treatment respectively, they both highlight either
the proportion of favorable and unfavorable cases, or the number of favorable and
unfavorable cases. By contrast, in treatments NSR and SP the two framings are of
the opposite type. Therefore, I asked the participants whether in their opinion the two
pieces of information were mutually consistent, not consistent, or whether they had
no opinion on this.

The proportion of participants who deemed a combination consistent across treat-
ment is reported in Table 7. To some limited extent, it seems that participants judged
the two framings to be consistent more frequently in treatments NSP and SR than
in NSR and SP, in accordance with our assumption about consistency. However, the
difference is not particularly dramatic, since one would have expected a much lower

Table 7 Frequencies and
proportion of participants who
deemed the two framings
consistent, not consistent, and
that did not have an opinion in
merit

Treatment Consistency No consistency No opinion

NSP (n � 27) 22 (0.82) 2 (0.07) 3 (0.11)

NSR (n � 21) 12 (0.57) 3 (0.14) 6 (0.29)

SP (n � 19) 11 (0.58) 2 (0.10) 6 (0.32)

SR (n � 28) 22 (0.82) 2 (0.07) 3 (0.11)
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proportion of consistency in treatments NSR and SP. And in fact, a Fisher-exact test
fails to reject the null hypothesis of equal distribution across treatments (p � 0.278).
Thus, participants seem not to judge framings of the opposite type as inconsistent.
A set of linear regressions controlling for the participant’s perceived inconsistency
shows no impact on the ratio format and sliced pie coefficients (again, see fn. 6).

In sum, there is reason to believe that the two potential confounders analyzed
here—mental conversion of numeric format and perceived inconsistency of the two
framings—did not significantly hinder the occurrence of the framing effects.

5 Discussion

The findings of the present experiment contribute to the question of determiningwhich
framings of risk information alter the decision maker’s risk perception and aversion
(andwhich do not). Specifically, the present experiment testedwhether framing effects
previously documented in the literature on risk communication carried over to the
experimental elicitation of risk aversion by means of lottery-based tasks.

Results show that, overall, the elicitation of risk aversion proved robust to both
the numeric and the pictorial framings. Robustness to the numeric framing could be
explained by the fact that MPLs typically employ easily interpretable figures (integers
from 1 to 10 and multiples of 10), while the contributions in the literature on risk
communication that report numeric framing effects employ figures that are much
more complicated and that differ considerably from one another (e.g., “600 out of
1,000,000” vs “0.0006”). Thus, numeric framing effects might be limited to those
settings in which the numeric information is difficult to process or compare.

Another aspect that was suspected to hinder the numeric framing is that almost
half of participants exposed to the ratio format mentally converted it to a percentage.
Nonetheless, considering that the mental conversion does not cancel the format one is
exposed to, and considering the limited impact ofmental conversion on the ratio format
coefficient, this hardly explains the lack of a framing effect. Along with the finding
that the opposite behavior (converting percentages to ratios) was considerably less
frequent, this gives us reason to believe that participants were more at ease with risk
information stated in percentages rather than ratios. Further researchmight corroborate
this conjecture.

With respect to the pictorial framing, the literature on health risk communication
has compared graphs that differ considerably in terms of how they provide risk infor-
mation. For example, Schapira et al. (2001) test continuous graphs (bar charts) in
comparison with discrete graphs where units are not contiguous (stick figures). Our
pictorial framing involved the subdivision of awhole area into contiguous units (slicing
a pie), which still allows the decision maker to reconstruct the underlying areas. Thus,
it might be that the difference between a sliced and a non-sliced pie is not sufficient
to trigger a framing effect.

It was also argued that the perceived inconsistency of the numeric and pictorial
information could ameliorate the two framing effects. However, results show that
participants did not deem framings in treatments NSR and SP to be significantly less
consistent than those in NSP and SR. Thus, it seems that participants did not perceive
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framings of the opposite type as inconsistent. While this cannot rule out that the effect
of the inconsistency was in place, at the same time participants also declared to have
focused more on the numeric figures than on the pictorial display, and this might have
severely hindered the potential impact of the inconsistency.

The numeric and pictorial framing effects were estimated controlling for sociode-
mographic variables such as the decision maker’s age, gender, nationality, and
cognitive ability. In general, the inclusion of these regressors did not significantly alter
the estimation of framing effects. However, some regressors altered the estimation of
the switching row. For example, the switching row was lower in older participants,
males and Italians, although, in accordance with the literature on MPLs, the effect
of gender was barely significant (Crosetto and Filippin 2016; Filippin and Crosetto
2016). Finally, cognitive ability did not significantly impact the switching row. Even
interacting treatment variables with the Raven test scores does not result in statistically
significant differences either in the elicitation of risk aversion or in the impact of the
two framing effects (see Appendix E, Table 13).7 Nonetheless, the effect of cognitive
ability on risk aversion is still the subject of debate (see, e.g., Taylor 2013; Pedroni
et al. 2017).

Notably, it seems that the framing effects might be related to howmuch the decision
maker focuses on the lottery’s upside. In fact, when the participant declares to have
focused more on the lottery’s upside than on the downside, her switching row is
significantly lower when presented with sliced pies. This suggests that the elicitation
of risk aversionmay be sensitive to the pictorial framing conditional on the relevance of
the lottery’s upside for the participant. At any rate, it should be noted that the numeric
and pictorial framings per se did not have any impact on the salience of the lottery’s
upside, meaning that the relevance of this element for decision was primarily related
to the participant’s personal characteristics. It should also be noted that the findings
of the present experiment might suffer from the limited sample size. Further research
with a richer sample may strengthen the validity of these results.

In conclusion, the findings of the present experiment suggest that the elicitation
of risk aversion in MPLs and similar lottery-based tasks may be robust to numeric
framings of risk information. Thus, experimenters interested in the elicitation of risk
aversion can ‘safely’ employ both percentages and ratios. However, given that partici-
pants tended tomentally convert ratios to percentages, this gives us reason to conjecture
that resorting to percentages might aid participants in undertaking the MPL task. By
contrast, the impact of the pictorial framing seems to be related to the relevance of the
lottery’s upside for the participant. While the pictorial display adopted here did not
alter the salience of the lottery’s upside, experimenters should consider avoiding the
use of pictorial displays whichmight give prominence to this element of the decisional
context.
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Appendix A: Experiment Instructions

WELCOME!

Welcome and thank you for participating to this experiment. By completing the
experiment, you will earn a prize whose value depends on your choices. During
the experiment, it is not allowed to talk or communicate in any way with other
participants, nor observe their choices on their terminal. If you have any question,
raise your hand and a member of the staff will assist you. Please, wait for the go-ahead
of the experimenter before advancing to the next page.

INSTRUCTIONS

The experiment is based on 10 economic decisions. You will see such decisions in
a table of ten rows. In each row, you will have to decide between two lotteries. A
lottery allows you to earn a prize with a given probability. As an example, observe the
following couple of lotteries:

[The fourth row of the MPL table framed according to treatment is shown to the
participant. For example, if the participant is in treatment NSP, she is presented with
the fourth rowof the tablewith non-sliced pies and percentages, as illustrated in Fig. 1.]

By selecting for instance Lottery A, either you win 100 tokens with probability
40% [4 out of 10], or you win 75 tokens with probability 60% [6 out of 10]. This
means that the two events are mutually exclusive. The same holds for Lottery B. So,
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by selecting Lottery B, either you win 150 tokens with probability 40% [4 out of 10],
or you win 25 tokens with probability 60% [6 out of 10].

In each row of the table you will see a pair of lotteries as in the example above. For
each pair, you will have to select either Lottery A or Lottery B. To do this, it will
be sufficient to press the button under the description of the desired lottery. To
facilitate your selection, the task comes with an “autocompletion feature”, so please
take it into account when selecting lotteries. The effect of this feature is that, once
you select a lottery B, all subsequent lotteries will be automatically checked as B, and
once you select a lottery A, all preceding lotteries will be automatically checked as
A.8 We remind you that there are neither correct nor incorrect answers; thus, we invite
you to answer according to your preferences.

After having confirmed your choices, one of the 10 rows that have been pre-
sented to you will be randomly chosen, and the lottery of that row that you have
selected (A or B) will be played. The prize will be converted to euros (e 1 for 25
tokens) and given to you by means of Amazon gift cards.We remind you that each
row has equal probability of being chosen to determine your prize. Since you cannot
know a priori which row will be chosen, we suggest you perform your selection at
each row as if it were the one chosen to determine your prize.

Finally, you will be administered a questionnaire and a test [i.e., the Raven’s
progressive matrices test]. For their completion, you will receive a prize of e2, in
Amazon gift cards, irrespective of the answers you give. Moreover, data collected
will be anonymous and employed only for research purposes. We remind you that you
can abandon the experiment at any time. Should this be the case, we invite you to raise
your hand and wait for a member of the staff.

To resume:
You will make 10 decisions; for each decision, you will choose between Lottery A

and Lottery B. You can select A for some rows and B for others. When you confirm
your selections, one of the 10 decisions youmadewill be chosen randomly. The lottery
(A or B) you selected for that decision will be played. For instance, if at the selected
row you select Lottery B, then Lottery B will be played. Your prize will depend on
the chosen lottery.

When you are ready, please press the “Start” button at the bottom of the page.
You can start at any moment.

8 Originally, the description of the autocompletion feature was not present in the Instructions. At the
beginning of the first experimental session, some participants had trouble understanding how the feature
worked. Thus, a proper description of the feature was delivered orally in that and all subsequent sessions.

123



Framing Effects in the Elicitation of Risk Aversion: An Experimental Study 341

Appendix B: Questionnaire
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Elements of the Decisional Context 2 of 2

Please, state the relevance that each element had for your decision, on a scale 

from 1 to 5 (1 = “Very low relevance.”, 2 = “Low relevance.”, 3 = “Average

relevance.”, 4 = “High relevance.”, 5 = “Very high relevance.”).

[To indicate their rating, participants must select the corresponding button among 

a set of five buttons, arranged horizontally]

Presence of a pictorial display (pie)

Number of slices into which pies were divided

Areas of slices into which pies were divided

Value of high outcome (100 and 150 tokens)

Value of low outcome (75 and 25 tokens)

Probability of earning the high outcome (to win either 100 or 150 tokens)

Probability of earning the low outcome (to win either 75 or 25 tokens)
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Appendix C: Raven’s Progressive Matrices Test (adapted)

TEST
You will be presented with 6 matrices.

Each matrix has 9 cells, 8 of which containing a stylized image.

The cell in the bottom, right-hand side, is left empty.
For each matrix, you will be asked to select, from a list of possible answers, the 

image that best completes the matrix.

The correct image is that which completes in a consistent way both rows and
columns, BUT NOT NECESSARILY DIAGONALS.
For example, look at the following matrix:

For this matrix, the correct answer is number 8.

For, image number 8 completes row 3 in a consistent way with the other two 

rows, and column 3 in a consistent way with the other two columns.

When you are ready, please click “Begin” to begin the test.

[The matrices in Fig. A.1 were presented in the indicated sequence, one at a time. 

For each figure, the participants had to select the correct matrix number from a 

scrollable menu and press the confirmation button.]
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Fig. 3 shows the six matrices used for the adaptation of the Raven’s test. The six matrices were presented
in the indicated sequence, one at a time. The correct answer had to be selected through a dropdown menu
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Appendix D: Distribution of switching row (SW) across treatments

See Fig. 4

Fig. 4 shows the distribution of the switching row across the four treatments (NSP, NSR, SP, and SP). The
switching row ranges from 1 to 10. Thick curves denote kernel densities

Appendix E: Additional estimations

See Tables 8, 9, 10, 11,12 and 13.
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Table 8 Estimation of treatment effects using Ratio Format as grouping variable

Variables (1) (2) (3)

Switching Row Switching Row Switching Row

Ratio Format 0.0599 0.132 0.183

(0.436) (0.406) (0.421)

Age − 0.239** − 0.222**

(0.100) (0.106)

Male − 0.867** − 0.912**

(0.416) (0.434)

Italian − 1.729** − 1.699**

(0.782) (0.792)

Decision Familiar − 0.247

(0.563)

Raven Matrices − 0.0427

(0.123)

Constant 6.022*** 13.39*** 13.14***

(0.313) (2.399) (2.481)

Observations 95 95 95

R-squared 0.000 0.161 0.164

Standard errors in parentheses. Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1

Table 9 Estimation of treatment effects using Sliced Pie as grouping variable

variables (1) (2) (3)

Switching Row Switching Row Switching Row

Sliced Pie − 0.399 − 0.231 − 0.218

(0.433) (0.412) (0.419)

Age − 0.241** − 0.229**

(0.100) (0.106)

Male − 0.823* − 0.855*

(0.423) (0.443)

Italian − 1.706** − 1.681**

(0.780) (0.791)

Decision Familiar − 0.166

(0.554)

Raven Matrices − 0.0384

(0.122)

Constant 6.250*** 13.58*** 13.41***

(0.305) (2.407) (2.490)

Observations 95 95 95

R-squared 0.009 0.163 0.165

Standard errors in parentheses. Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1
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Table 10 Estimation of treatment effects for subgroups of Upside Relevant

Variables (1) (2) (3)

Switching Row Switching Row Switching Row

Ratio Format 2.200 − 0.333 − 1.500

(1.531) (0.706) (1.124)

Sliced Pie 3.667* − 1.167* − 4.500***

(1.670) (0.673) (1.377)

Ratio Format × Sliced Pie − 3.200 0.633 6.700***

(2.139) (0.981) (1.741)

Constant 5*** 6.667*** 5.500***

(1.294) (0.426) (0.795)

Observations 13 67 15

R-squared 0.356 0.056 0.608

Model 1, 2 and 3 test treatment effects, respectively, on the Upside Relevant subgroups 1, 2 and 3. The
subgroups include participants that declared a relevance of the lottery’s upside lower (subgroup 1), equal
(subgroup 2) or higher (subgroup 3) than that of the lottery’s downside. Standard errors in parentheses.
Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1

Table 11 Estimation of treatment effects controlling for potential confounders

Variables (1) (2) (3)

Switching Row Switching Row Switching Row

Ratio Format − 0.218 − 0.329 0.0697

(1.034) (0.972) (1.003)

Sliced Pie − 0.306 − 0.337 − 0.209

(0.701) (0.667) (0.674)

Ratio Format × Sliced Pie 0.155 0.579 0.520

(0.969) (0.910) (0.912)

Mental Ratio 0.0352 − 0.0799 − 0.404

(0.907) (0.878) (0.900)

Perceived Inconsistency − 2.035*** − 1.804*** − 1.904***

(0.723) (0.670) (0.684)

Age − 0.313*** − 0.263**

(0.107) (0.111)

Male − 0.576 − 0.722

(0.446) (0.457)

Italian − 1.832** − 1.819**

(0.842) (0.838)

Decision Familiar − 0.778

(0.603)
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Table 11 (continued)

Variables (1) (2) (3)

Switching Row Switching Row Switching Row

Raven Matrices − 0.126

(0.132)

Constant 6.457*** 15.37*** 14.74***

(0.429) (2.594) (2.625)

Observations 77 77 77

R-squared 0.108 0.273 0.301

Participants that had no opinion on the consistency of framings were excluded from the estimation (n �
18). Standard errors in parentheses. Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1

Table 12 Estimation of treatment effects interactedwith relevance of lottery’s upside controlling for potential
confounders

Variables (1) (2) (3) (4)

Switching
Row

Switching
Row

Switching
Row

Switching
Row

Ratio Format 1.628 1.530 1.603 2.191

(1.826) (1.783) (1.778) (1.748)

Sliced Pie 3.626** 3.596** 3.558** 3.851**

(1.717) (1.666) (1.661) (1.609)

Ratio Format × Sliced Pie − 3.313 − 3.347 − 3.239 − 3.748

(2.382) (2.315) (2.309) (2.254)

Upside Relevant 1 1.573 1.267 1.410 1.215

(1.388) (1.326) (1.327) (1.297)

Sliced Pie × Upside Relevant 2 1 1.307 1.530 1.452

(1.693) (1.628) (1.634) (1.583)

Ratio Format × Upside Relevant 1 − 1.573 − 1.733 − 1.834 − 1.829

(1.813) (1.759) (1.756) (1.737)

Ratio Format × Upside Relevant 2 − 3.468 − 3.470 − 3.611* − 3.719*

(2.151) (2.096) (2.093) (2.032)

Sliced Pie × Upside Relevant 1 − 4.214** − 4.247** − 4.284** − 4.425**

(1.894) (1.810) (1.805) (1.744)

Sliced Pie × Upside Relevant 2 − 7.560*** − 6.983*** − 6.995*** − 7.249***

(2.531) (2.470) (2.462) (2.386)

Ratio Format × Sliced Pie × Upside
Relevant 1

3.046 3.880 4.013 4.617*

(2.659) (2.583) (2.577) (2.532)

Ratio Format × Sliced Pie × Upside
Relevant 2

9.165*** 8.250** 8.291** 9.110***

(3.444) (3.362) (3.352) (3.268)
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Table 12 (continued)

Variables (1) (2) (3) (4)

Switching
Row

Switching
Row

Switching
Row

Switching
Row

Pie Relevant − 0.756 − 1.197*

(0.645) (0.657)

Mental Ratio 0.122 0.0297 − 0.0900 − 0.683

(0.869) (0.872) (0.875) (0.879)

Perceived Inconsistency − 1.127 − 1.102 − 1.195 − 1.382*

(0.799) (0.763) (0.765) (0.765)

Age − 0.242** − 0.266** − 0.205*

(0.105) (0.107) (0.107)

Male − 0.694 − 0.645 − 0.839*

(0.471) (0.472) (0.471)

Italian − 1.102 − 1.250 − 1.285

(0.849) (0.856) (0.826)

Decision Familiar − 0.920

(0.572)

Raven Matrices − 0.249*

(0.133)

Constant 5*** 11.90*** 12.55*** 12.31***

(1.311) (2.886) (2.930) (2.895)

Observations 77 77 77 77

R-squared 0.327 0.420 0.434 0.490

Notes: Participants that had no opinion on the consistency of framings were excluded from the estimation
(n � 18). Standard errors in parentheses. Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1

Table 13 Estimation of treatment effects interacted with Raven test scores

Variables (1) (2) (3)

Switching Row Switching Row Switching
Row

Ratio Format − 2.167 − 1.647 − 1.706

(2.056) (2.043) (2.096)

Sliced Pie − 1.667 − 1.696 − 1.707

(2.056) (1.935) (1.952)

Ratio Format × Sliced Pie 1.667 1.254 1.263

(3.050) (2.933) (2.956)

Raven Matrices 1 − 1.095 − 1.397 − 1.414

(1.554) (1.464) (1.480)
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Table 13 (continued)

Variables (1) (2) (3)

Switching Row Switching Row Switching
Row

Raven Matrices 2 − 1.917 − 1.946 − 1.985

(1.720) (1.622) (1.654)

Raven Matrices 3 − 2.095 − 1.838 − 1.845

(1.554) (1.481) (1.493)

Raven Matrices 4 − 0.333 − 0.477 − 0.482

(1.839) (1.726) (1.740)

Raven Matrices 5 − 1.667 − 1.481 − 1.485

(2.056) (1.930) (1.945)

Raven Matrices 6 − 0.667 0.937 0.950

(2.601) (2.502) (2.523)

Ratio Format × Raven Matrices 1 3.262 2.757 2.823

(2.577) (2.562) (2.619)

Ratio Format × Raven Matrices 2 2.083 1.521 1.598

(2.518) (2.461) (2.532)

Ratio Format × Raven Matrices 3 3.595 3.562 3.575

(2.577) (2.563) (2.584)

Ratio Format × Raven Matrices 4 − 0.500 − 0.003 0.0699

(2.759) (2.643) (2.706)

Ratio Format × Raven Matrices 5 3.167 2.089 2.052

(3.441) (3.330) (3.364)

Ratio Format × Raven Matrices 6 1.167 − 1.622 − 1.600

(3.315) (3.274) (3.302)

Sliced Pie × Raven Matrices 1 0.895 1.391 1.394

(2.443) (2.304) (2.322)

Sliced Pie × Raven Matrices 2 0.250 0.967 1.019

(2.681) (2.550) (2.593)

Sliced Pie × Raven Matrices 3 1.095 1.251 1.265

(2.443) (2.295) (2.315)

Sliced Pie × Raven Matrices 4 3.333 3.372 3.381

(3.315) (3.332) (3.358)

Sliced Pie × Raven Matrices 5 2.667 2.609 2.585

(3.050) (2.879) (2.906)

Sliced Pie × Raven Matrices 6 − 2.333 − 3.164 − 3.291

(3.791) (3.575) (3.698)

Ratio Format × Sliced Pie × Raven Matrices 1 − 2.419 − 1.951 − 1.996

(3.668) (3.491) (3.530)
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Table 13 (continued)

Variables (1) (2) (3)

Switching Row Switching Row Switching
Row

Ratio Format × Sliced Pie × Raven Matrices 2 0.883 0.184 0.133

(3.758) (3.599) (3.642)

Ratio Format × Sliced Pie × Raven Matrices 3 − 1.895 − 1.437 − 1.407

(3.708) (3.582) (3.615)

Ratio Format × Sliced Pie × Raven Matrices 4 − 1.800 − 1.672 − 1.705

(4.333) (4.108) (4.145)

Ratio Format × Sliced Pie × Raven Matrices 5 − 4.667 − 3.824 − 3.764

(4.689) (4.464) (4.516)

Ratio Format × Sliced Pie × Raven Matrices 6 1.333 3.886 3.997

(4.866) (4.671) (4.764)

Age − 0.215 − 0.222

(0.129) (0.139)

Male − 1.116** − 1.090*

(0.517) (0.549)

Italian − 1.523 − 1.536

(1.000) (1.011)

Decision Familiar 0.108

(0.717)

Constant 7.667*** 14.29*** 14.46***

(1.300) (3.189) (3.403)

Observations 95 95 95

R-squared 0.188 0.318 0.319

Raven Matrices 1 is a dummy variable that takes the value of 1 if the participant correctly filled in one
matrix; the same applies to Raven Matrices 2–6. Standard errors in parentheses. Significance levels: ***p
< 0.01, **p < 0.05, *p < 0.1
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