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Abstract

Using a laboratory experiment, we investigate thlelity of stated risks elicited
via the Exchangeability Method (EM) using an evaramethod based on de Finetti's
notion ofcoherenceunder which probability estimates are valid iflamly if they obey
all axioms of probability theory.

The validity of risk estimates elicited through k! has been theoretically
questioned because the chained structure of the gathought to potentially
undermine the incentive compatibility of the eli¢ibn mechanism even when real
monetary incentives are provided.

We investigate this by designing and implementog fexperimental treatments.
Respondents are divided in two initial treatmeioiugrss: in the first, they are provided
with real monetary incentives, and in the seconbjexts are not. Each group is further
sub-divided in two treatment groups, in the fitsg chained structure of the
experimental design made quite clear to the sulyj@diile, in the second, the chained
structure is hidden by resorting the elicitatiorsjions.

The superiority of real monetary incentives is eatlent when people are

presented with chained experimental design.
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Do monetary incentives and chained questions affettte validity of risk estimates
elicited via the Exchangeability Method? An experinental investigation

1. Introduction

During the last decade, many social scientists bageme more interested in
investigating perceptions of risks, and elicitindpgctive estimates of probabilities. The
reason is that people often behave and make desiaicording to their beliefs and
these do not always coincide with science-basechats of risks Failure to
recognize the existence of divergent subjectivksrmeay create quite a puzzling
interpretation of responses to the science-baskd.ri

There are many different ways in which to elicibgeative risks, and several are
briefly discussed below. In this paper, we usensmovative risk elicitation technique
known as the Exchangeability Method (EM), focusamgssues related to
implementing it in a credible manner. Our applicatis to elicit consumers’
perceptions of the probability that given levelgesticide residues will be present in
apples produced in the future in the Province enio (Italy). The study is conducted
using subjects in laboratory experiments. Pestimdalues pose health risks to people
who eat apples, and thus people’s perceptionsenf pnesence can affect consumers’
purchasing behaviors. The investigation of thisesis quite important to this region in
Italy because the saleable gross production ofegm@duction is approximately 23% of
the entire agricultural saleable gross productiothat Province (P.A.T., 2007).

The reliability of stated risks estimates elicited the EM has been questioned
because the chained structure of the experimeasagal is thought to potentially

undermine the incentive compatibility of the elitibn mechanism. An elicitation

LA very timely example of the crucial effect of peieed risks on people’s behaviors is represented by
the proposal of the Italian Government to postpheereferendum (June ¥21.3% 2011) on the
installation of nuclear plants in Italy. This postigment was proposed because the recent events in
Fukushima (Japan) might have strongly influencédanis’ perceived risks of nuclear disasters amak,t
influenced their desire to have or not have nughsnts in Italy.
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mechanism is incentive compatible if subjects havéncentive to state their real
preferences (Vossler and Evans, 2009). Previoukesttnave overcome this issue,
however, by presenting people with particular ekpental designs that partially hide
the chained structure of the game (Baillon, 2008d&laoui et al., 2011). However, to
our knowledge, no study has ever tested the effectiained questions on the validity
of stated risk estimates elicited via Exchangeghifiethod.

Our laboratory experiment uses a method for detengiand measuring the
validity of stated risk estimates elicited via tBel. This method is based on de Finetti’s
notion ofcoherenceand allows us to test the validity of stated riakboth the sample
and individual levels. By using this validation imed we also aim to exam the potential
effect of real monetary incentives and chained tijpies on stated risk estimates elicited
via EM. In particular, we study whether these festffect the validity of stated risks or
not.

The remainder of the paper is laid out as follolvghe next sections, we first
highlight the main strengths and limitations of B by comparing it to other risk
elicitation techniques. Then, we more formally defthe notion ofalidity and describe
our testable hypotheses. Finally, we offer somesle@ions based on the experimental

results we have obtained.

2. Literature review
The simplest way to elicit riskgonsists of asking people to directly state either

the chance that a specific magnitude of the outoeithiéappen in the future or, the

2 Since this experiment is conducted in the lab, wittontrolled environment and real monetary
incentives, we only refer to the internal validitfelicited risk estimates. Hence, we cannot arsatie
external validity of our results, being aware thlatited estimates in the lab might be differeoinfrthose
elicited in the field, where it is impossible tontml for many confounding factors (for instance,
background risk) (Harrison et al., 2007).

In this paper the risk is the probability that givautcomes occur (or that given severities of anamue
occur).
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other way round, the specific magnitude of the onote that will happen with a certain
probability (Spetzler and Von Holstein, 1975). Askisimple stated risk questions is
common in health risk studies, such as those imvglsmoking cigarettes (e.g. Viscusi,
1990) or drinking contaminated water (e.g. Jakusd.e2009; Shaw et al., forthcoming).
However, the reliability of risk estimates elicitei@d this family of techniques, called
direct methodshave been often questioned because laypeoplesaadly not familiar
with the notion of probability (e.g., Jakus et 2D09; Riddel and Shaw, 2006 for health
or mortality risks; and Baker et al. 2009, for eonmental risks).

Other approaches may overcome the limitationsreictimethods by eliciting risk
measures viadirect methodsfor example, from respondents’ choices over e
and for gambles or bets. In this case, probabiigasures are indirectly estimated at the
points for which people show their indifferencevieén lotteries or gambles. These
indirect techniques have been mostly used for tirsmisks, (e.g., Andersen et al.,
2009; Offerman et al., 2009) because actual mopeayments for played-out bets are
incentive compatible, as well as relatively eagysiabjects to understand. However,
recently scholars have used indirect methods irstienation of health and
environmental risks (e.g., Fiore et al., 2009; Garand Shaw, 2012 for environmental
risks).

The most popular of the indirect methods are theadled ‘external reference
eventsin which people are asked to choose betweent@riotharacterized by an
uncertain eventl{) whose probability needs to be estimated andtariotharacterized
by an external reference eveK) (vhose probability is known and is disclosed to
respondents. The probability of the known eventigkgften visually presented through

probability wheels, scroll bars or other visualemduch as risk ladders, grids, or pie

* The limited use of thesedirect methodsor eliciting health and environmental risks ido the fact
that health outcomes and very long term environalenttcomes cannot be played out at the end of
experiments in the lab setting, thus making ineentiompatibility again an issue.

4



charts, all of which have been tested as risk conmication devices (e.g., Morgan and
Henrion, 1990). Once respondents become indiffdyetween the two lotteries, this
means that they attach to the uncertain outcamehie same probability with which the
familiar outcomeK) will happen, so thaP(U) = P(K) (Spetzler and Von Holstein,
1975). Although these techniques are widely udesl; inay involve a crucial
drawback, related to the notionsdurce dependenc8ome experimental studies have
recently shown that individual choices depend enstburce of uncertainty that
respondents have been asked to cors{#télka and Weber, 2001; Abdellaoui et al.,
2011). In addition, when individuals have to pracesre than one source of
uncertainty at the same time, the choices becootesamplex and their risk estimates
might be biased. This is likely to occur in mostegral-reference-events approaches,
i.e., those in which subjects have to deal withemtanties related to both outcomes and
probabilities represented through external devices.

The source dependengmblem does not appear in another class of indirec
methods, which usaternal eventsin these, subjects deal with magnitudes of the
outcomes, but not with probabilities of the outcema fact, subjects or survey
respondents are only asked to bet a certain anudunbney on one of the several
disjoint subspaces in which the whole state sp&tieeovariable under study has been
previously divided. When respondents become ingliffeto bet on one disjoint
subspace rather than on the others, they are addorperceive those subspaces as
equally likely (Spetzler and Von Holstein, 1975heTEM that was formally described
by Raiffa (1968) and more recently implemented byllBn (2008) and Abdellaoui et

al. (2011) belongs to this class of risk elicitattechniques.

® Baillon (2008) defined a source of uncertainty asa“set of events that are generated by a common
mechanism of uncertainty”.
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As noted above, the EM unfortunately is criticiZedpotential failure to be
incentive compatible, even when chained questiarciires are used with real
monetary incentives. Questions are defined as edainihen one question is
constructed, depending on respondents’ answelgtprevious one. For instance,
because of sub-dividing event spaces, the two gabtge that respondents face in one
question of an EM task depend on respondents’ esalaring the previous question. In

their empirical application of EM, Abdellaoui et §011) pointed out that:

“...one may be concerned about it being advantagewsibjects not to
answer according to their true preferences in atiprebut instead to seek
to improve the stimuli that will occur in future egtions” (pp. 44).

Previous investigations that develop games withired structures and real
monetary incentives, have taken this issue velpsgy. For instance, some of them
have validated their results by using respondestédements of unawareness about the
presence of chained questions in the game (Varuilerket al., 1981; Abdellaoui et al.,
2011). In his own recent application of exchangigbmethod, Baillon (2008) dealt
with this problem by randomizing or resorting thrder of questions and making the
chaining unclear to respondents, such that thep@tenger aware of the relationship
between the disjoint subspaces they face in onstignewith those of the previous
question.

While the authors of previous studies have triedvioid the use of identifiable
chained questions in their experimental desigrisutilize chained games along with
real monetary incentives, they have not investay#teir presumed potential negative
effect on subject’s choice-behaviors. Hence, audystlso empirically tests the
presence of a potential “chaining effect” by conpgithe validity of stated risk

estimates elicited via EM with and without chairmpebstions.



Baillon (2008), states that telling the truth is $implest and most efficient
strategy respondents can use when they play thegydrat constitute the EM tasks.
This means that subjects would not respond diftgrén tasks whether real monetary
incentives were provided or not, because theylagady consistent with incentive
compatibility. In fact, in their recent applicatioh exchangeability game, Abdellaoui et
al., (2011) have tested the effect of real monetargntives on people’s choice-
behaviors by comparing stated risk estimates peavlay two groups of respondents,
one provided with monetary incentives and the ottwtr They concluded that the
former group provides less noisy risk estimates the latter group, however, their
figures that show the risk estimates are not ihriaech different. In addition, given that
their analysis uses a between—subjects investigdte slight difference or discrepancy
in their results may be due to different composgiof samples.

Below, we describe a method to definitively testgble superiority of stated risk
estimates elicited via EM when people are rewawdi#il real monetary incentives

versus when they are presented with unchainediquestvithout incentives.

3.  The notions of valid risk estimates and validity rae

Taking inspiration from the de Finetti’s notionagherenprobability measures
(de Finetti, 1937; 1974a; 1974b)ve consider risk measures elicited via EM asivilli
and only if they obey all axioms and theorems obpbility theory. As noted above,
we also construct a sample validity rate whichhespercentage of respondents

providing valid risk estimates in the sample.

® de Finetti (1937) stated thiat.a complete class of incompatible eventsk,..., E being given, all the
assignments of probability that attribute tg p,,..., p,any values whatever, which are non-negative and
have a sum equal to unity, are admissible assigtineach of these evaluations corresponds to a
coherent opinion, (...), and every individual is fteedopt that one of these opinions (...) which he
feels”.
" de Finetti's (1937,1974) definition otbherenckis related to the notion of probability. We extiehis
definition to the notion of risk because we defiis& as the probability that a given event occurs.
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The choice of using the de Finetti’s notion of c@meeto define valid risk
measures relies on the fact that the EM is basd@beassumption adxchangeability-
based probabilistic sophisticatiq€hew and Sagi, 2006), that in turn is based en th
idea of equal likelihoods oéxchangeable eventde Finetti, 1937)

Chew and Sagi defined two eventscamparable under a probabilistic point of
view, only when a sub-event of one is exchangeatilethe other event. This way of
comparison is intuitively straightforward consiaeyithat a sub-event is logically less
likely than the event in which it is contained.diner words, for probabilistically
sophisticated subjects playing exchangeability garveo disjoint sub-events are
exchangeable, and thus they have the same prdpaibibccurrence when they are

indifferent to betting on one sub-event rather tbarthe other one.

4. Predictions

We first hypothesize that the provision of real i@y incentives to respondents
do not have additional beneficial effects on thiedivis of stated risk estimates because
in fact telling the truth is the simplest and melicient strategy respondents can use
when they play the Exchangeability Game (EG) (Baill2008).

Providing real monetary incentives and in contnast,providing such real
incentives, we want to test whether the usage ahell questions per se, affects the
validity of risk estimates. We hypothesize thatiohd experimental designs have
negative effects on the validity of stated riskreates because they not only undermine
the incentive compatibility of the game (Baillor§dB), but also generate meaningless

guestions where subjects are asked to choose betwegrospects that they have

8 Exchangeabilitymplies that the probability, that each event hglog to the set, occurs is the same
without depending on the order of the events, bl on the number n of events. Hence, even thé join
probability of all events belonging to a set ofuests is always the same and does not depend on the
order of the events (de Finetti, 1937)
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already ruled out in previous questions. This magpen when subjects play the part of

the game related to the elicitation of the secamattije.

5. The Experimental Design
5.1. The empirical application
Our specific application consists of investigatstgted risks related to fire blight,

a bacterial disease that has threatened applerdscimthe Province of Trento, at least
since 2003 (IASMA, 2006). This phytopathology daemgnd kills apple plants
resulting in substantial losses in the productibapples. The best available science
predicts a future spread of the disease in appleands of the Province of Trento since
suitable climatic conditions for the biology of thacteriumErwinia amylovoraare
likely to occur in the future (Edmund Mach Foundaji

Italian farmers currently control the fire blightcathe negative consequences
that this has on apple production by using somegnmtative measures which consist in
spraying pesticides based on copper compoundsibeAzolar-S-metile on orchards.
Unfortunately, these measures might be not effi@@ough to prevent the future
spread of fire blight and consequent reductiorthénproduction of apples.
Nevertheless, the future production of apples é@Rhovince of Trento (around 420.000
tons at the present time) might not decreaseméas start implementing new
adaptation strategies against fire blight. The @tigitegy that is currently available to
farmers is the introduction of new active princgfer preventative and curative control
of fire blight such as the antibiotic streptomythat is currently forbidden by the Italian
legislation, but that has been already used in,G&many, Belgium and Netherlands
for controlling the fire blight (Németh, 2004).

In the context presented here, we focus on thnesrsk random variables: the

percentage (or number) of days in which the infestawill occur during the



blossoming period in 203@)°, the number of apples containing at least oneluesin

a sample of 100 apples in 2020'¢, and the number of apples containing more than 1
residue in a sample of 100 apples in 2038-(These variables have been selected
among many other possible measures of pest infastar apple contamination, after

having interviewed approximately 20 focus groupjscis.

5.2. The sample

The sample of laboratory subjects consists of 8iduals who were randomly
recruited outside the main supermarkets of Trentbasked to come in the
experimental lab of the University of Trento foc@npensation of 25€ (show-up fee).
Given the fact that we recruit non-students aneh thve bring them in the lab, we can
define our study as an artefactual field experingelairrison and List, 2004). Our
sample consists of people between 18 and 70 ygara/ao live in the Province of
Trento and the sample is balanced regarding theegemhey are not strictly speaking,
a simple random sample of the population, becawesgewere recruited outside food
markets, but as most people visit such marketdtaio food, they probably are quite
representative of people leaving in this Provildereover, the random nature of the
sample may be biased by subjects’ motivation ttigpate in the experiment. For
example, subjects may participate because they wenested in the topic or because
they were in need of the show-up fee. However csadieparticipants were randomly
assigned to four subsamples or treatment groupsrendach treatment is characterized
by a different experimental design: “real incensiterchained questions” (22 subjects),

“real incentives-chained questions” (23 subjec¢tsypothetical incentives-unchained

® The blossoming period usually occurs in April irefitino.

0 The apple containing residues are those contaatifgast one residue beyond the level of 0 mg/kg.

1 The apple containing residues are those contaatihgast two residues beyond the level of 0 mg/kg.
10



questions” (19 subjects), and “hypothetical incesgichained questions” (16 subjects).

Next, the specific EM games or tasks are described.

5.3. The exchangeability method and the related game
Let a random variable under study in the EM gamg. Gdhe EM game uses a

series of binary questions to reveal an individahderlying cumulative distribution
function (CDF) over an eventthat is drawn from an event spage,=G, . The first

step of the EM establishes the lower and upper d®ohthe event space, definedyas
andg;. Each subject is asked the bounds for outcomessdeudf which they are
essentially certain the outcome cannot happen at ale., the bounds that pertain to a
non-zero probability of an outcome. These mighinoévidual-specific, reflecting
heterogeneity that allows formation of a set ofgilmities a subject believes are
feasible.

The second step of the EM involves asking a sefigsiestions that establish the
value ofgy,[1Ss that corresponds with the%@ercentile of the subjective CDF, in
other words, the median estimate. This series e$tipns asks the subject to choose
between binary prospects. In the first binary qoes&sis divided at a poing, into
two prospects, saa={ go<x<ga} and Ga'={ gas<x<g1}, whereg,={go + [(91-Qo)/2]}. If
G, was chosen by the individual, the implicationhiattthe individual believes the
probability of occurrence of the sub-ev@&itis equal to that of the sub-evenf, so
thatP(G,)=P(G;) and g.=g1/.. A follow-up binary question is then asked of th&ne
individual, using a new valug, and two new prospec, andGy'. If G, was chosen in
the first question, theg.<g,. However, ifG,” was chosen in the first question, then
02>0b. This process is repeated until the individuathes a valug, such that she is

indifferent betweel@,andG,. When this point is reached, it follows thgtg: .,
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G=G,, G/=GZ, andP(G,)=P(G;). This process describes the “chaining” or
interdependence of these binary outcome questions.

A similar process can be followed to determine pff@nts for the individual's
subjective CDF; in theory as many as the reseamghets to identify. However, there is
a limit to how many separate points can be eliditecause of potential exhaustion of
the subject. For example, to determine the valug @i that corresponds with the
25" percentile, a gamble is proposed that is contihgera value ok that is lower than
012, Obtained in the previous step. Once again, aesexpuof valuesg,, g, ..., - IS
used, but in this next case (the quartile) theahitpper bound igy/,. In the first new
binary question, subjects choose between the follgWwinary prospect$,={ go<x<ga}
and Gy'={ ki<x<g1/2}. As above, this process is repeated until théviddal is
indifferent betweeiG,andG;, so thatg=gis G=G;, G;= G}, andP(G,)=P(G;) (see
Figure 1 and Appendix A). At the end of the excleattlity game, the second binary

question that respondents have already answepgdssnted again to them in order to

test the consistency of their choice behaviors.

5.4. Other games

The Repeated Exchangeability Game (REG) consigBdiiing a new measure
of the median value of individual CDFs, sayy’, through a second round of
exchangeability game. This round differs from tingtfone because the lower and upper
bounds of the event space are now not definegh lyndg;, but instead by the
subjective estimates of the quartites andgs, elicited via the EG (see Example 2 in
Appendix A).

The Certainty Equivalent Game (CEG) is based omtten of certainty

equivalents (CE) defined as the sure amount of mtreg makes people indifferent to
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gamble. For the CEG the subjects are presentedwitithoice tasks, say CT1 and
CT2, both containing six binary questions. In eguhstion of the first choice task

(CT1), the subject is asked to choose betweerteryoin which he or she wins a
monetary outcome if the real outcomeG} will happen in the future (or a null
monetary outcome otherwise), and a sure paymeatying from 0 to 100€. In the
same way, in the CT2, they are asked to choosecketwa lottery, in which they win a
monetary outcome if the real outcom@}‘ will happen in the future (or a null
monetary outcome otherwise), and a sure paymeatying from 0 to 100€. Hence,

each subject is presented with two choice tasksachexized by six binary matching

guestion where he or she has to choose betweamehi (betx € on the occurrence of
G} in CT1 orG] in CT2) and B (take the amount of morey 0, 25, 49, 51, 75, and
100€) (see Example 3 in Appendix A). The certaeduivalent for the lottery described
in option A is determined by looking at the firstesgtion of the choice task in which the
subject switches from choosing option A to chogston B. Recall thaG} and G}‘ are
the couple of sub-spaces that have been alreadgguid be equally likely by the

subjects themselves, during the earlier EM gameh EBabject in our study was

presented with this game three times for each blariaf interest in the study. In the

first, the two lotteries involved in the game aemdted ass; and G, inthe second,

they areG; and G, and in the third, they ar&} and G, 2

5.5. Treatments
Recall from above that the validity of risk estiemare investigated by

implementing the four experimental treatments:rée monetary incentives-chained

12 Both games have been already used to test excHalityeia other experimental applications (e.g.,
Baillon, 2008; Abdellaoui et al., 2011).
13



questions (TRC), the real monetary incentives-umathquestions (TRU), hypothetical
monetary incentives-chained questions (THC), ardifpothetical monetary
incentives-unchained questions (THU). R referetd monetary, H to hypothetical, C
to chained, and U to unchained. For the H treatmeuibjects are only given a show-up
fee, while in the R treatments, subjects are todd bne randomly selected individual
from each group has the chance to win addition@€ltased on her/his choices during
the experiment. Specifically, one subject is tadredomly selected at the end of the
experiment and one of the questions she/he ansluersy the experiment is also
randomly selected to be played out. The lucky stibgeselected through the draw of a
numbered chip from a bingo cage (Cage 1). The tatalber of chips is equal to the
total number of participants in each session, abdhch subject has an equal chance of
being selected. The question with the potentialq#yis also selected through the draw
of a numbered chip from another bingo cage (Cadbal)contains as many numbered
chips as the number of questions that the resporaswered during the experiment.
The drawn participant wins the additional 100€nd anly if the event she/he had
chosen in the drawn question contains the valueeofandom variable under
consideration that the best science currently ptedihis prediction is based on the
research conducted by the Edmund Mach Foundatilt-YEThis procedure for
dermination of a “win” in the lottery situation ssmilar to that used by Fiore et al.
(2009) in their virtual experiment on the risk ofdvfires. Despite some participants
already being aware of the existence of the EMFuddjects are provided with general
information about the research that EMF has doatptovides that science-based
estimate of probabilities. Note that even whersabjects receive the same risk
information, it is a common finding that they mapt form the same subjective
estimates (e.g. Riddel and Shaw, 2006; Shaw dbahcoming). In all treatments

subjects were provided with precise informationwthibe values that the random
14



variables under study had in the last ten yeaosn(f2000 to 2010) and then they were
asked to play the games.

In the C treatments subjects are asked to ansvestiqus that allow us to elicit
the percentiles of their CDFs in the following ard® >, th/a, Qs/4, @u/2, @/, 8a/a, 172, /4,
andrsz,. In the U treatments, this chained structure ofgwae is hidden through a
mixed up order of questions determined once andlfoin fact, we elicit the
percentiles of respondents” CDFs in the followmrgler:Q1/2, a2, /2, Qu/a, 8a/4, M1/,
0314, /4, AN I3y,

For the three different random variables of focerehit follows that each
respondent, regardless of the treatment group tchagie/he is randomly assigned,
plays exchangeability games and lotteries threedjrane for each random variables

under study.

6. Hypotheses
Given the theoretical background of the EM, alliniébns, axioms and theorems

of probability theory are satisfied under the exaeability assumption. Considering

two disjoint sub-events(;‘-} and G¥, this assumption is satisfied when the two sub-

events are exchangeable in the sense that theljpirpbeelated to the occurrence of one
must be equal to the probability of occurrencehefdther (see Appendix B). When the

assumption holds we fail to reject the followindlrnypothesis (H):

Ho: P(G!)=P(G") Ok # i,k <n

I

Hi: P(G!)# P(G*)k#ik<n

I
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We test this first assumption, and thus the validftstated risk estimates elicited
via the EM by investigating whether respondentsich behaviors are consistent across
the EG, the REG, and CEG. In particular, we test ypotheses:

Hypothesis 1We test whether the exchangeability assumpticatisfied or not
by comparing the estimates @f,obtained from the EG and the estimateg,af
obtained from repeated version of the game (REGg.8xchangeability assumption is

satisfied if and only if we fail to reject the folwing null hypothesis:

Ho: Q12 = 0112

Hi: Qu2# 012

Hypothesis 2We test whether the exchangeability assumpticatisfied or not
by comparing the certainty equivalents that respatglare willing to accept to give up

the possibility to play the lotteries presentethie matched pairs of choice tasks,
[L(x ' G| )J inCT1 and[L(x ; G:‘)] in CT2. The exchangeability assumption is satisfie

and only if we fail to reject the following null pgtheses:

Ho: CE|L(x:G!)|=CE[L(x: G*), withk#i, k<]

Hy: CE[L(x:G!)|# CE|L(x: G¥)

7. Testing hypotheses
Before testing these hypotheses, we check thestensy of subjects’ choice

behaviors by examining their answers to the rejidaitgary questions presented at the
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end of the exchangeability game. The McNemar tesivs that subjects’ choices are
stable across treatmehts

Now, testing our hypotheses at sample level, weninx@the role of monetary
incentives and chained questions in affecting @&ty of stated risk estimates and we
identify the experimental design providing the l@ghpercentage of valid risk
measures. We determine whether respondents betptgyaiverse experimental
treatments provide valid risk estimates or not.dRehat respondents provide valid
stated risk estimates if and only if we fail toerdjthe null hypotheses presented in
Hypotheses and2.

We testHypotheses and 2 by using nonparametric tests such as theoWdih
Matched-Pairs Signed-Ranks test (WMP) and the Bagt of Matched Pairs (SMP)
The SMP test is used because of the possibilityttieeassumptions behind the WMP
test are not always satisfied in our sample. Famgle, the differences between the
matched values provided by each subject are nayahdistributed symmetrically
around the median point in our sub-samples (thisessymmetry assumption).

While testingHypothesis ,lonly investigates the validity of median risk reegs
since this hypothesis only relates to observatadnsiedian estimates of individual
CDFs @12, &2, andry) elicited via the EG and REG, by testidgpothesis 2we also
examine the validity of quartile risk estimatescgitthis hypothesis relates to
observations of median and quartile values of iwldial CDFs @1/2, @2, r1/2, Qi/a, d/a,
r14, Qaa, ag/a@and rsy) elicited via the EG and CEG.

Further, we assess thalidity rate (V) for each different experimental treatment,
whereV is the percentage of respondents in each groupding valid risk estimates.
In this case, we need to verify whether each olagenv @i/2, a2, r12, G, /4, /4,

O34, &4, @nd rgy4) provided by each respondent(1,...,80) is valid or not. For

13 Results are available under request.
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example, let consider one specific experimentajestibvho provide us with the

estimate of);,, we assume that this risk estimates is valid df anly if
CE[L(x ; Gg)] = CE[L(x 'G5 )] This does not imply any statistical test, but pisimple
check of the equality betwee®E|L(x : G2 )| and CE|L(x: G2)|.

Finally, since we hypothesize that not only theédess of the experimental setting
may determine the validity of respondents’ stateki @stimates, but also their socio-
economic conditions, we econometrically test tlyisdthesis by estimating a model in
which the discrete dependent variable capturesdhdity of each observation provided
by each respondent. A set of explanatory dummyalsées captures the characteristics
of each experimental setting in terms of chaining monetary incentives, and other
socio-economic variables characterize the subjatitaying for some observable

heterogeneity.

8. Results
8.1. Non-parametric tests

By testingHypothesis Xor each experimental group of respondents, wetifye
effect of our experimental designs on responderatgability to provide valid estimates
of the median values. In the TRC we have 24 matplagd of observations; in the TRU
40; in the THC 22; and in the THU 26 (Table 1).

The validity of median estimates of individual COBg», a2, andry) is
determined by testingypothesis Via both the WMP and the SMP tests. Median
estimates are assumed to be valid if and only ifallé¢o reject the null hypothesis
characterizing this test. The WMP test’ resultsgasg that TRU and THU groups
provide valid stated risk estimates, while TRC @k do not, however the validity of

WMP test’s results about the THC group may be comsed because all assumptions
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behind the test are not completely satisfied. T® $est almost produces the same
results except for the fact that also THC groupvjoles valid estimates (Table 2). The
discrepancy between WMP and SMP's results about i@ group suggests that the
interpretation of these results is problematic, s, we conclude that only TRU and
THU groups provide valid risk estimates.

The test oHypothesis Zor each experimental group of respondents allasvio
investigate whether respondents belonging to devexperimental treatments provide
valid risk estimates of the median and quartileigalof individual CDFs or not. In the
TRC we have 143 matched pairs of observationgi@nTRU 167; in the THC 136; and
in the THU 115 (Table 3). Again, the validity of dian, first quartile, and second
quartile estimates of individual CDFg1k, &2, /2, Qu/a, 81/4, Y174, Oa/ar eja, AN r314) IS
determined by testingypothesis Zia both the WMP and the SMP tests. Estimates are
assumed to be valid if and only we fail to rejdw tull hypothesis characterizing this
test. The WMP test’s results show that the TRCthedrHU groups do not provide
valid risk estimates, while the TRU and the THC idowever, the SMP test’s results
suggest that also the THC do not provide valid eésttmates, and thus the TRU is the
only group providing valid risk measures (TableAgain, dissimilar results obtained
by the WMP and SMP tests do not allow us to exprelsgble findings about the
validity of risk estimates obtained from the TH®gp. Hence, we conclude that the

only group providing valid estimates is the TRU.

8.2. The validity rate and the econometric analysis

For each treatment, we calculate the validity (sewvhich is simply the
percentage of valid risk estimates within eachtineat group. According to the
previous findings, we found that TRU provides tighlest validity rate (39.13%), then

the THU (29.86%), TRC (26.26%), and THC (21.64)del Comparing the validity
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rates of THU (29.86%) and TRC (26.26%), we conclind¢ the usage of chained
experimental design totally undoes the benefidiaice of using real monetary
incentives.

Further, we hypothesize that not only experimed¢signs, but also socio-
economics characteristics of respondents and dlegiree of familiarity with the
problem influence individual performances in terwhsalidity. This hypothesis is
econometrically tested by estimating diverse diecmeodels in which the dependent
variableVALID represents the validity of each risk estimateyigen by each
respondents. The dependent variable takes the tafiand only if the stated risk
estimate is valid, and the8E|L(x: G! )|= CE[L(x: G¥ )|, with k#i, k<j.

The probability that the risk estimate is valid eieg@s on a set of explanatory
variables available from survey-type questions wgjivethe laboratory, the experimental
treatment that respondents belong to, the sociaau@s status of respondents
themselves, and respondents’ degree of interekeirssue of food security (see Table 6
for details about the explanatory variables).

Given that each respondeargrovides 9 risk estimategufo, ai/z, r1/2, Qu/4, @u/a, 1/,
O34, &4, @nd rsy4), we should have a panel data of 720 observatldowever, we have
142 missing values for the dependent variaid1D because the game investigating
the validity of risk estimates was not always dageld to respondents during the
experiment.

We estimate five diverse models (Model 1, 2, 3rt 5) by using the generalized
linear model estimation with and without robusthstard errors. Hereafter, we focus on
the estimation with robust standard errors thawed|for clustering effects.

In Model 1, the probability of providing valid risdsstimates only depends on the

features of the experimental treatment respondezitag to. The influence of real
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monetary incentives and chained questions is cagbtioy the following set of dummy
variables T), TRC TRU THC, andTHU. Each dummy takes the value 1 if and only if
the respondents belong to the treatment that thabla represents. The THU is used as

baseline.

VALID, =fo + BT, (Model 1)

We observe that respondents who belong to the TRC, and THU have higher
probability of providing valid risk estimates theespondents who belong to the THC
(Table 8). However, this result is statisticallgrgficant only for the TRU dummy
variable.

In Model 2, we also include two sets of dummy Malga. The firstR\) captures
whether the probability of providing valid risk esates depends on the variable that
respondents have to consider in playing the EGpéneentage (or number) of days in
which the infestation will occur during the blossamperiod in 2030G), the number
of apples containing at least one residue in a &aofd 00 apples in 203@, and the
number of apples containing more than 1 residuesample of 100 apples in 203).(
The secondR) aims to capture whether the validity of statestt @stimates is
statistically different among median estimatgs( a2, and ry/), first-quartile
estimatesdy/s, &/4, and ry4), and second-quartile estimatgs 4 a4, and rz) (Table

8).

VALID, :ﬂo + ﬁlTi + ﬂzRV| + ﬂgpi (Model 2)

We found no statistical difference in terms of daii between risk estimates

related to diverse variables and diverse percentile
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In Model 3, we also investigate the effects of satonomic variableS) on the
probability that respondents provide valid riskrestes. We take our cues from
extensive psychological research on the role tadral factors can play in the
determination of perceived risk. The variables urstledy are ageAGE), gender
(FEMALB), education$ECONDARY, HIGH_SCHOO&ndUNIVERSITY, and the

type of education§CIENTIFIQ (Table 8).

VALID, =fo + BiT, + SRV + BaPi + faS (Model 3

We expected that the probability of providing daiisk estimates would possibly
increase for high educated and younger respondauitsye found that older
respondents’ estimates are more likely to be \thkah the others and that education
does not affect the validity of individual risk esates, at least for our sample (Table 8).

In Model 4, we consider also the interest of resieois on apples and food
security by including in the model a set of dumnayiable () such as being an apple
farmer PRODUCER, being an apple consum&@NSUMER being a member of a
consumer association (CONS_ASS), and being residené Province of Trento

(TRENTINQ.

VALID, :ﬂo + ﬁlTi + ﬂzRV| + ﬂgpi + ﬁ4s + ﬁ5li (Model 4)

Although we expected to observe that people whideas the Province of Trento
and consume and/or produce apples perform betarttie other in terms of valid risk
estimates, perhaps because they are more intethstethe others in the topic, our

empirical results suggest no significant explanaédfects for these variables (Table 8).
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In Model 5, we add another set of dummy variablg@svhich capture whether
subjects trust the predictions of IPCC about terpee and precipitation in 2030
(IPCC_TRUST), the predictions of EFM about the blight’s infestation risk in 2030
(EMF_TRUST), and our statement that apple farmdiiantinue to use the chemical

control against apple disease in the future (SCENARRUST).

VALIDI =B+ BiTi + BoRVE + BaPi + faS + Bsli + fsT, (Model 5)

In this case, we predict that subjects who trustnifiormation we gave them
during the experimental instructions more likelpyade valid risk estimates than the
others. This is due to the fact that the trustaypkhe game more carefully. Despite our
predictions are confirmed overall, we found thestin EMF’s predictions reduces the
probability of providing valid risk estimates. Hovez, the estimation of Model 2, 3, 4,
and 5 provides us with results about the effectusfexperimental designs that are very
similar to those obtained by the estimation of Mdde

The consistency of our econometric results witls¢éhobtained from non-
parametric tests suggests that real monetary ivesnincrease the validity of stated
risk estimates and that chained questions haveppesite effect. Moreover, we found
that socio-economic variables and the interesegppondents in the topic do not
influence the likelihood of providing valid riskteémsates. Only the age of respondents

affects their ability to state valid estimates.

9. Summary and Conclusion
The paper has considered the influence of real tapnacentives and chained
ordering of questions on risk elicitation. Basedhoedian risk estimates, our statistical

analysis suggests that unchained treatments prealderisk estimates, while chained
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do not. This finding suggests that the chained tipres undermine the incentive
compatibility of the game even when respondentpereided with real monetary
incentives (Baillon, 2008; Abdellaoui et &2011).

Furthermore, when a treatment group is presentddandesign with sorted
questions, so that the chained structure is hiddiwese subjects provide valid risk
estimated even when they are not paid based anpgéormances. This supports
Baillon’s (2008) contention that regardless of lgegiven actual monetary incentives or
not, respondents play the games by just tellingriith about their beliefs. A caveat is
that this result only takes subjects’ median ristineates in account, without
considering observations related to the first aawbad quartiles.

Considering the whole set of stated risk estimatesnot just the median
estimates, we found that the only treatment graopiging valid estimates received
real money payments and unchained questions. Wiea ofi the distribution is being
considered, real monetary incentives strongly affegpondents’ performances in terms
of validity. However, the beneficial effect of reabnetary incentives on the validity of
stated risk estimates is negated when subjectsrasented with the experimental
design of the game clearly chained. This findingasfirmed by our measures of the
validity rate /). The percentage of valid risk estimates is alM08b when subjects are
presented with real monetary incentives and themx@ntal design where the chaining
is hidden. The validity rate falls to 26% with hypetical monetary incentives and the
experimental design where the chaining is cleartar®9% with real monetary
incentives and the experimental design where taetig is hidden.

Those interested in using this risk elicitation Inoglology can thus walk away
with two important messages here. First, subjaetsraleed more likely to provide
valid risk estimates over more of an entire disitidtn (than one measure of central

tendency) if they are rewarded with real monetacgntives based on their
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performances and if they are presented with expriad design where the chaining is
hidden through a particular randomization of thegjions. Second, and more
disappointing perhaps, is that only a relativelyaBiportion of stated risk estimates
(40%) can be considered valid under the definiti@nhave applied here, which relates
to behavioral axioms. The latter implication maydbdittle surprise to skeptics, but is
relevant in our goal to continue to improve waygtovide reliable information about
people’s risk perceptions and subjective probaddit

Further researches on the validity of stated rigkreates elicited via the
exchangeability method might address these isdube andividual level. Instead of
investigating the validity of each single observatione might investigate the ability of
each subject in providing valid risk estimates.sfWould be possible by collecting, for
each subject, a number of observations large entuggst the validity of her/his stated

risks by using non-parametric tests.
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Table 1. Summary statistics of median values obtaéd via EG (X;) and REG (Xy)

Treatment Variable Obs Mean  StDev. Min Max
Real incentives- X1z 24 4437 27.69 7 94
Chained questions X7 24 4496  27.87 7 94
Real incentives- X1z 40  44.05 26.17 2 96
Unchained questions Xy/7 40 4417 25.08 3 96
Hypothetical incentives- Xz 22 54.91 28.03 5 94
Chained questions Xy 22 5501 28.08 7 94
Hypothetical incentives- X2 26 40.35 28.74 3 94
Unchained questions Xy 26  40.65 28.27 3 96
Table 2. Results at sample level obtained via EG (¥ and REG (X))

Wilcoxon . :

. Binomial

matched-pairs sian test

signed ranks test 9
Treatment Null Hypothesis Z P>z
Real incentives-Chained Median(X,,) =Median(>¢,>) -2.234** 0.0625
questions
Real incentives- Median(X,) =Median(>¢,>) -0.665 0.4807
Unchained questions
Hypothetical incentives- Median(Xy,) = Median(X%,) -1.880*** 0.1250
Chained questions
Hypothetical incentives- Median(X,) = Median(X,) -1.174 0.2668

Unchained questions

*1% significance level
**506 significance level
***10% significance level



Table 3. Summary statistics of the Certainty Equivéents obtained via CEG

Treatment Variable Obs Mean St.Dev. Min Max
Real incentives- CE, 143 51.21 46.38 0 125
Chained questions CE, 143 7695 4469 0 125
Real incentives- CE, 167 59.80 42.31 0 125
Unchained questions CE, 167 6822 4172 0 125
Hypothetical incentives-  CEu 136 70.80 43.30 0 125
Chained questions CE, 136 75.86  42.14 0 125
Hypothetical incentives- CEn 115 5565 36.14 0 125
Unchained questions CE, 115 7317 3711 0 125
Table 4. Results at sample level obtained via theBEG
Wilcoxon . .
. Binomial
matched-pairs sian test
signed ranks test 9
Treatment Null Hypothesis Z P>z
Real incentives-Chained Median(CEk;) = Median(Ck,) -3.713* 0.0027
questions
Real incentives- Median(CE,) = Median(CEk,) -1.513 0.3049
Unchained questions
Hypothetical incentives- Median(CEk;) = Median(Ck,) -1.283 0.0886
Chained questions
Hypothetical incentives- Median(CE,) = Median(CE;) -3.005* 0.0000

Unchained questions

*1% significance level
**506 significance level
***10% significant level

Table 5. Validity rates (V) for all treatments

Treatment Number of observations Number of validestsations V (%)

Real-Chained 192 52 26,26
Real-Unchained 207 81 39,13
Hypothetical-Chained 171 37 21,64
Hypothetical-Unchained 144 43 29,86
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Table 6. Description of dependent and independentaviables of Model 1,2, 3and 4

Variable

Definition

Mean

St.Dev.

Min

Max

VALID

= 1 if valid, = 0 otherwise

.368

482

TRC

TRU

THC

THU

=1 if “Real Incentives-
Chained Questions” treatment,
= 0 otherwise

=1 if “Real Incentives-
Unchained Questions”
treatment,

= 0 otherwise

=1 if "Hypo Incentives-
Chained Questions” treatment,
= 0 otherwise

=1 if “Hypo Incentives-
Chained Questions” treatment,
= 0 otherwise

.275

.287

.237

.200

446

452

425

400

A

R

Number of days when the
infestation risk is extremely
high in April

Number of apple containing at
least one pesticide residue

Number of apple containing
multiple pesticide residue

.333

.333

.333

A71

A71

471

50" PERCENTILE

25" PERCENTILE

75" PERCENTILE

Observations related to the
median of G, A, and R

Observations related to the |
quartile of G, A, and R

Observations related to the Il
quartile of G, A, and R

.333

.334

.333

471

A71

471

CONSUMER

=1 if the respondent eats at
least 3 apples a week
= 0 otherwise

478

.500

CONS_ASS

=1 if the respondent is a
member of a consumer
association
= 0 otherwise

.062

242

PRODUCER

=1 if the respondent produces
apples
= 0 otherwise

.037

190

TRENTINO

=1 if the respondent resides in
the province of Trento
= 0 otherwise

737

440

IPCC_TRUST

Trust in IPCC'’s predictions of
the future temperature and
precipitation (at 5 level8)

2.950

.545

EMF_TRUST

Trust in EMF’s predictions of
fire blight’s infestation risk in
the future (at 5 leveld)

2.587

.684

SCENARIO_TRUST

Agreement with the fact that
farmers will use the chemical
control in the future (at 5

2.912

778
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levelsy

AGE Age in years

32.746

12.578

19

68

FEMALE =1 if female,
= 0 otherwise

4366

4994

SECONDARY_SCHOOL =1 if the respondent have this
education level,
= 0 otherwise

HIGH_SCHOOL =1 if the respondent have this
education level,

= 0 otherwise

UNIVERSITY =1 if the respondent have this
education level,
= 0 otherwise

SCIENTIFIC =1 if the respondent have a
scientific education
= 0 otherwise

.1830

.5070

.3098

487

.3895

.5035

4657

.500

#From 0= very high trust to 4= very low trust
® From O=strongly disagree to 4= strongly agree
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Table 7. Generalized Linear Model Estimation of Mdlels 1,2, 3, and 4

Dependent Variable:VALID

Variable Model 1 Model 2 Model 3 Model 4 Model 5
TRC 218 226 251 .382** 370
TRU .520% .505* .545* 575* .648*
THU 251 .238 278 3197+ .385**
A - -.052 -.036 -.045 -.058
R - -131 -.13G -.143 -173
MEDIAN - -.085 -.088 -.09G -077
25" PERC - -124 -.10S -.116 -.094
FEMALE - - -131 -.126 -.097
AGE - - .015¢ .013** .019*
SEC_SCHOOL - - -.185 -179 -.086
HIGH_SCHOOL - - -.055 -.037 -.016
SCIENTIFIC - - -.00S .084 A73
PRODUCER - - - 595+ 584+
CONSUMER - - - -.025** -.021%**
CONS_ASS - - - .184 312
TRENTINO - - - 27 3% .067
IPCC_TRUST - - - - .359¢%
EMF_TRUST - - - - -.355*
SCEN_TRUST - - - - .253%
CONSTANT -.606* -.468* -.901* -1.086* -2.160*
LOG L.HOOD -374.018 -373.116 -365.036 -359.37G -347.702

*1% significance level
**506 significance level
***10% significant level
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Table 8. Generalized Linear Model Estimation of Mdlels 1,2, 3, and 4 with robust standard

errors and clustering effects

Dependent Variable:VALID

Variable Model 1 Model 2 Model 3 Model 4 Model 5
(Robust) (Robust) (Robust) (Robust) (Robust)
TRC 218 226 251 .382 376
TRU .520** 505+ 545+ 575 .648**
THU 251 .238 278 319 .385
A - -.052 -.036 -.045 -.058
R - -131 -.13G -.143 -173
MEDIAN - -.085 -.088 -.09G -.077
25" PERC - -.124 -.10S -.116 -.094
FEMALE - - -131 -.126 -.097
AGE - - .015* .013 019+
SEC_SCHOOL - - -.185 -17S -.086
HIGH_SCHOOL - - -.055 -.037 -.016
SCIENTIFIC - - -.00S .084 73
PRODUCER - - - .595 .584
CONSUMER - - - -.025 -.021
CONS_ASS - - - .184 312
TRENTINO - - - 273 .067
IPCC_TRUST - - - - 359+
EMF_TRUST - - - - -.355**
SCEN_TRUST - - - - 253+
CONSTANT -.606* -.468* -.901** -1.086** -2.160**
LOG L.HOOD -374.018 -373.11G -365.03G -359.37G -347.70Z

*1% significance level
**506 significance level
***10% significant level
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Figure 1. Structure of the experimental design
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Appendix A: Games’ examples
Example 1. First question of the Exchangeabilign@ for the variable g

| prefer to bet 100€ on the fact that the numbedayfs of April in which thdire blight

infestation will occur with certainty in 2030 is:

O O

smaller tharg,’ greater than or equal tg,?

?9={ 00 *+ [(91-90)/2]}

Example 2. First question of the Repeated Exchalnfily Game Test for the variable
Our2
| prefer to bet 100€ on the fact that the numbetayfs of April in which thdire blight

infestation will occur with certainty in 2030 is:

O O
greater thangys greater than or equal ta),
and and
smaller thargy, smaller thangszys
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Example 3. A question of the Certainty Equiva(@ame for g,
In each of the following question, do you preferptay the lottery presented in Option

A or do you prefer to take the amount of money gmésd in Option?

Option A Option B

O O 0€

: . - . O o 25€
You win 100€ if the number of days of April in vehi

thefire blightinfestation will occur with certainty in O O 49€
2030 isSMALLER THAN gi/2

O O 51€

0€, otherwise
O O 75€

O O 100€

In each of the following question, do you preferptay the lottery presented in Option

A or do you prefer to take the amount of money gmésd in Option?

Option A Option B

O O 0€

O O 25€

You win 100€ if the number of days of April in vehi
thefire blightinfestation will occur with certainty in O O 49€
2030 isGREATER THAN OR EQUAL TQgs/,

O O 51€

0€, otherwise
O O 75€

O O 100€
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Appendix B: Definition, axioms and theorems of prolbility theory

Let G} be disjoint events with={1,..,nfand j = n andS; be a sample space, then:

Statement 1P(S,) =1

Consider the sample spag we impose tha% =G; = 1 by telling respondents that

the probability associated to the entire samplesjmequal to 1, sé§ =G, = 1.

Statement 2P(G! )= 0

ConsiderP(Gé) and P(GZZ), we impose thatP(Gé)zO and P(Gzz)zo by asking

respondents to the lowayof and upperd;) bounds of the event space outside of which

they are essentially certain the outcome canngpdra@t all. This is basically the first

guestion of Exchangeability Game.

Statement 3f {G;} is a sequence of disjoint sets3g then

A Us |- 2ele)

n
i=1 i=1

ConsidetP(G;) and P(Gzz), “exchangeabilityassumption imposes that

P(G;UGZZ] = p(G})+P(G2)= 05

statement 4p(G})=1-P(G°)

ConsidelP(Gé) and P(GZZ), “exchangeabilityassumption imposes that
P(Gt)=1-P(cZ)=05=1-05

Statement 5P(¢)) =0

See Statement 2.

Statement 6For eachG! 'S, then0< P(G! <1

See Statements 1 and 2.

39



Statement 7f G| 0 G} withn= jk,k 1N,k %0, thenP(G! )= P(G
Consider G, andG}, “exchangeability assumption

P(GL)= 052 P(G})= 025

i
n

)

imposes

that
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