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1. Introduction

During the last decade, the lack of precise sdientieasures of future environmental and
agricultural risks has often induced many econarisinvestigate people’s perceptions of those
risks. The study of risk perceptions becomes everenmportant when it is apparent that people
behave and make decisions according to what thiegvbeerisks to be, and when these beliefs
might not coincide with science-based estimatasskf

Since the main critique about the use of theseestibbg estimates in economic analyses is
about their reliability, we aim to test the validivf subjective estimates of risks elicited via an
innovative risk elicitation technique, the exchaaigéty method (EM). In particular, we focus
on consumers’ perceptions of the probability thatewy levels of pesticide residues will be
present in apples produced in the future. Theddues pose a health risk to people who eat the
apples, and, thus, their presence on apples cact @fonomic behaviours of consumers.

Although the EM has many advantages compared &r oigk elicitation techniques, many
doubts have been raised about its incentive cotifigti In fact, the chained structure of its
experimental design is accused of undermining theeritive compatibility of the process,
especially when respondents are provided with meahetary incentives (Harrison, 1986).
Previous studies have overcome this issue by piiagepeople with peculiar experimental
designs that partially hide the chained structuréhe game (Baillon, 2008; Abdellaoui et al.,
2010) but, to our knowledge, no study has eveetelsfarrison’s hypothesis.

Our lab experiment aims to define a clear-cut ubnamethod for measuring the validity
of subjective risk estimates elicited via the EMisT valuation method based on de Finetti’'s
notion of ‘coherencé examines the Validity rates of subjective risk estimates, which is the
number of valid risk measures obtained from eadtifip experimental design we use during
the experiment. Through this method we also airexam the potential effect of real monetary
incentives and chained questions on subjectiveastiknates elicited via EM. In particular, we
study whether these factors affect the validitglidited subjective risks or ot

2. TheExchangeability game

Considering a random variable under study, foraimsgeg, the EM uses a series of binary
qguestions to reveal an individual’s underlying culative distribution function (CDF) over an
eventx that is drawn from an event spafg= G} . The first step of the EM establishes the lower

and upper bounds of the event space, gawpnd g;. Each subject is asked the bounds on
outcomes outside of which they are essentiallyagethe outcome cannot happen at-alli.e.,
the bounds that pertain to a non-zero probabifigrooutcome.

The second step involves asking a series of questitat establish the value @f,[1Ss
that corresponds with the B@ercentile of the subjective CDF, the median est#mThis series
of questions asks the subject to choose betweeamybprospects. In the first binary questi®s,
is divided at a poing, into two prospects, sa$.={go<x<ga} and Gy'={ ga<x<gi}, where g.={go
+ [(01-00)/2]} (see Example 1 in Appendix A). 16, was chosen by the individual, the
implication is that the individual believe®(G,)=>P(Gy), so thatg.>gi». A follow-up binary
guestion is then asked of this same individualhgisi new valug, and two new prospects,
andGy'. If G, was chosen in the first question, thgerg,. However, ifG,” was chosen in the

! Only expected results are presented in this versidhe manuscript because the experiment wiliupein the first
week of February at the Computable and Experimeéftahomics Laboratory (CEEL) of the University afemto
(Italy). Here, we present the theoretical framewamnkl the testable hypotheses we use to test thiityalf the EM.
However, these theoretical hypotheses will be doglly tested using data coming from the experiment



first question, themm,>ga. This process is repeated until the individuaches a valug, such
that she is indifferent betwedd, and G;. When this point is reached, it follows thg#=gi,
G~=G}, G;= G2, andP(G,)=P(G,).

A similar process can be followed to determine ofhants for the individual’s subjective
CDF; in theory as many as the researcher wantspbuaburse limited by exhaustion of the
subject. For instance, to determine the valugaflSs that corresponds with the 2Hercentile,

a gamble is proposed that is contingent on a vafuethat is lower thary;,, obtained in the
previous step. Once again, a sequence of valhegs, ..., 9; is used, but in this case the initial
upper bound i .. In the first new binary question, subjects chobseveen the following
binary prospectsG.={go<x<ga} and Gy'={ ki<x<gi2}. As above, this process is repeated until
the individual is indifferent betweeis, and G/, so that g=gix G~=G;, G,;=G;, and
P(G)=P(G;) (Figure 1).

3. Strengthsand limitations of Exchangeability M ethod

The reliability of many risk elicitation techniqubas been tested in the literature reporting
on laboratory experiment results, especially camoer financial risks, but, to some extent for
health and environmental risks. Defining the riskaaprobability that given outcomes occur (or
that given magnitudes of an outcome occur), thestniques are used to obtain subjective
probability estimates of the occurrence of thostea@ues (or magnitudes). Many investigations
have elicited risks throughdirect methods that is by asking people to directly state eitties
chance that a specific magnitude of the outcomé veippen in the future or, the other way
round, the specific magnitude of the outcome thdt mappen with a certain probability
(Spetzler and Von Holstein, 1975). Although thiprgach is very much straightforward, many
doubts have been raised about the reliability sk estimates because of the unfamiliarity of
laypeople with the notion of probability (e.g., daket al., 2009; Riddel and Shaw, 2006 for
health risks; and Baker et al., 2009; Botzen e&l09 for environmental risks).

More sophisticated methodologies, eliciting riskasieres via respondents’ choices over
lotteries and bets, have been implemented to owerdaomitations of direct methods In this
case, probability measures are indirectly estimas¢dthe point in which people show
indifference between lotteries or gambles. Eveheke techniques, callethdirect’, have been
mostly used for financial risks (e.g., Anderserakt 2009; Offerman et al., 2009), nowadays
scholars start considering them for estimating theahd environmental risks (e.g., see Fiore et
al., 2009; Cerroni and Shaw, 2011 for environmenissy.

The most popularifidirect methodsare the so-calledexternal reference eveits which
people are asked to bet on, either a lottery cheiaed by an uncertain event whose probability
needs to be estimated, or a lottery characterigeahkexternal reference event whose probability
is known. The probability related to the lattertéoy is often visually presented through
probability wheels or scroll bars. During experigensing these methods, people are asked to
express their preferences for one of the two leserand, when respondents are indifferent
between them, this means that they attach to tleertain outcome the same probability with
which the familiar outcome will happen (Spetzledavion Holstein, 1975). Although, these
techniques are widely used, they have a crucialilmak related to the notion oBdurce

% The limited use ofitidirect methodsfor eliciting health and environmental risks islpdue to the fact that health
outcomes and very long term environmental outcooamot be played out at the end of experimentfiénldb
setting.



dependence Some experimental studies have recently showhittdividual choices depend on
the source of uncertairtyrespondent have been told to consider (Kilka aneb&¥, 2001;
Abdellaoui et al, 2010). When individuals have togess more than one source of uncertainty at
the same time, their risk estimates might be bidssduse of source dependence. This is likely
to occur in ‘external reference evefit@pproaches in which subjects have to deal with
uncertainties related to both outcomes and proitiabitepresented through external devices.

“Source dependenitedoes not appear in another class ofdirect methods called
“internal event§ in which people deal with magnitudes of the ame, but not with
probabilities that are not even mentioned to thenfact, respondents are only asked to bet on
disjoint subspaces of the whole state space ofdhiable under study. When they are indifferent
between the two subspaces, then they are assunpEideive them as equally likely (Spetzler
and Von Holstein, 1975). The EM, formally describbég Raiffa (1968) and recently
implemented by Baillon (2008) and Abdellaoui et(2010), is based on this idea.

Although this technique bypasses the problem swfufce dependenteit has a much
disputed technical drawback related to its incentoompatibility. Its peculiar experimental
design, based on chained questions, is accusedd&rmine the incentive compatibility of the
game, in particular when respondents are providigd kgal monetary incentives. In particular
the EM'’s experimental design is characterized Isetof binary questions in which the two
disjoint subspaces characterizing each questiorerdemn which subspace each respondent
decided to bet on in the previous question. Giveis design, respondents may behave
strategically and prefer not answering in line whkir real preferences to get new stimuli from
the following questions (Harrison, 1986).

To our knowledge, previous investigations, usinghga with chained structures and real
monetary incentives, have taken this issue veripo@gly. For instance, some of them have
validated their results by using respondents’ statdés of unawareness about the presence of
chained questions in the game (Van de Kuilen et1881 and Abdellaoui et al., 2010). In his
application of exchangeability method, Baillon (8D@ealt with this problem by randomizing
the order of questions and making the chainingaardio respondents, in the sense that they are
not longer aware of the relation between the disjeubspaces they face in one question with
those of the previous question.

It is clear that all previous studies, using chdigames in presence of real monetary
incentives, have struck at the root of the probl®mavoiding the use of identifiable chained
questions in their experimental designs withoutnett@nking to investigate their presumed
negative effect on people’s choice-behaviours. ldeoar study aims to test the presence of a
potential “chaining effect” by comparing the vatidrate of subjective risk estimates elicited via
exchangeability games where the chained strucfuteecexperimental design is hidden or not to
respondents.

A very interesting point about the incentive conitphty of exchangeability method have
been made by Baillon (2008), who claimed thatrigllthe truth is the simplest and efficient
strategy respondents can use when they play the.gamirect consequence of this reasoning is
that respondents may not care about real monetagniives because the game may be
considered incentive compatible by itself. At tregard, in their application of exchangeability
game, Abdellaoui et al. (2010) have tested thecef real monetary incentives on people’s

% Taking inspiration from Heath and Tversky (199Baijllon (2008) defined a source of uncertainty asa“set of
events that are generated by a common mechanisnceftainty”.



choice-behaviours by comparing subjective risk nestes provided by two groups of

respondents, one provided with monetary incentauas the other not. They conclude that the
former group provides less noisy risk estimates thi@e latter group, however, the figures
showing the risk estimates do not in fact illustratuch difference. In addition, given that this
analysis uses a between-subjects investigatios, discrepancy of results may be due to
different compositions of samples. Moreover, theuagption under which rewarded people
provide more reliable estimates of the other isy@lkpeculation, in fact the opposite may be
true.

Below, we define a clear-cut valuation method tset tthe presumed superiority of
subjective risk estimates elicited via exchangésghijame when people are rewarded with real
monetary incentives and when they are presentedd wichained questions. Our valuation
method is based on the comparison amoraiidity rate$ of subjective risk estimates obtained
by using various versions of exchangeability game.

4. Thenotion of validity rate

The *validity raté’ is defined as the number of valid subjective rsitimates provided by
people, while a valid risk measure is the one tleaFinetti defines ascbherenit, in the sense
that it obeys to all axioms and theorems of prdiightheory (de Finetti, 1937, 1974)The
choice of using the de Finetti's notion ofcherencé to define valid risk measures is not
groundless, but relies on the fact that “exchangjgaimethod” is based on the assumption of
“exchangeability-based probabilistic sophisticatig@hew and Sagi, 2006), that in turn is based
on the notion of éxchangeability everit¢de Finetti, 1937).

The idea of Probabilistic sophisticatioh as originally formulated by Machina and
Schmeidler (1992) implies that decision makers'ioe® depend upon their probabilistic beliefs.
Assuming a lottery L = (Exq,..., BE::X,) where a decision maker achieves the monetaryomec
xj only if the event E happens, she/he isprobabilistically sophisticatéd when her/his
preferences over lotteries are only determined Hey gubjective probabilities of occurrence
she/he attaches to each eventThis notion of probabilistic sophistication relien axioms of
Savage’s subjective utility theory (SEU). Chew &abi (2006) provide a much more intuitive
notion of probabilistic sophistication based on ithea of ‘exchangeable everfitby de Finetti
(1937).Exchangeabilityas formulated by de Finetti, implies that thebadality that each event
belonging to the set, occurs is the same withopedding on the order of the events, but only on
the number n of events. Hence, even the joint gnitibaof all events belonging to a set of n
events is always the same and does not depencamndér of the events (de Finetti, 1937).

Based on de Finetti's idea of equal likelihoodseathangeable events, Chew and Sagi
defined two events asOmparabl& under a probabilistic point of view, only whersab-event
of one is exchangeable with the other event. They wof comparison is intuitively
straightforward considering that a sub-event isdalty less likely than the event in which it is
contained. It is clear that, undexXthangeability-based probabilistic sophisticatiaine choice-
behaviour of the decision maker is based on prdibtibibeliefs deriving from the notion of
exchangeable events. In conclusion, for a prolstiuidilly sophisticated respondent playing
exchangeability game, two disjoint sub-events asechangeable’and thus they have the same

* de Finetti’s (1937, 1974) definition oE6herencgis related to the notion of probability. We extehis definition
to the notion of risk because we define risk aspttodability that a given event (or a given magaétwof an event)
occurs.



probability of occurrence, when she/he is indifféra betting on one sub-event rather than on
the other one.

Given this theoretical background, it is clear thatchangeability assumption enforces
that probability estimates elicited via the EM aedid measures. In fact, all definitions, axioms
and theorems of probability theory are satisfiedlamnthe assumption of ekXchangeability

implying that probabilities of each disjoint eve@} are equal (see Appendix A). Therefore, we

aim to test the validity of subjective risk estiemtelicited via exchangeability method by
investigating whether respondents’ choice behasgi@ane consistent with theeXchangeability
assumption or not.

5. Hypotheses

We study the validity of subjective risk estimateg testing whether subjects’ choice
behaviours satisfyexchangeability assumption or not. In particular, considering tdigjoint
sub-events are exchangeable when the probabildteceto the occurrence of one is equal to the
probability of occurrence of the other.

Ho: P(G!)=P(G") Ok #ik<n

J

He P(G!)# P(GK)k #ik<n

Specific tests for exchangeability will be presenite Section 7.1.

After having investigated the validity of risk estites elicited via exchangeability method,
we test whether diverse experimental settings atfee ‘validity raté’ (V) of subjective risk
measures. We remind that thealidity raté’ is the number of subjective risk measures that
satisfy the &xchangeabilityassumption” and, thus, all axioms and theorems robability
theory. In particular we test the following hypatbs:

a. The provision of real monetary incentives to resjgnis does not affect thedlidity raté’,
that is the number of valid risk measures. In taise, theValidity rate’ of subjective estimates
of risk is equal when respondents are provided vagh monetary incentive¥) and when they
are not ).

Ho: Vin= Vh

Hi: Vin# Vi
b. The awareness of the chaining structure of the an@#ability game does not influence the
“validity raté’, that is the number of valid risk measures. Iis tbase, the validity rate’ of
subjective estimates of risk is equal when respotsdare aware of the chaining structure of the
game ;) and when they are noty).

Ho: Vc=Vy

Hi: Ve £ Wy
c. The provision of real monetary incentives to regjfgns who are aware of the chained
structure of the game does not affect thalitlity rateé’, that is the number of valid risk
measures. In this case, thealidity rate’ of subjective estimates of risk when respondemes
provided with real monetary incentives and wheipoeslents are not aware of chaining structure
of the game\(my) is equal to the validity rate when respondengspaiovided with real monetary
incentives, but they are aware of chaining strectirthe game\no).

Ho: Vinc= Vimu

H1: Vine# Vinu



6. Thegspecific application and experiment.

This study covers the investigation of subjectiisks related to fire blight, a bacterial
disease threatening apple orchards in the Prowhd@ento since 2005 (IASMA, 2006). This
phytopathology damages and kills apple plants gdoxplosses in the production of apples, one
the most important agricultural products of thadi#in province. Scientists at the Edmund Mach
Foundation predicts a future spread of the dis@aseany apple orchards of the Province of
Trento because suitable climatic conditions forltleogy of the bacteriunkrwinia amylovora
are likely to occur in future.

Italian farmers currently control Fire Blight ants inegative consequences on apple
production by only using a small number of not mtatic pesticides. Given that these measures
might be not efficient enough to prevent the futsjpeead of fire blight, farmers are expected to
start implementing new adaptation strategies agdins blight. The only strategy that is
currently available to farmers is the introductaimew active principles for control of fire blight
such as the antibiotic streptomycin that is culyefarbidden by the Italian legislation, but that
has been already used in U.S., and other Europmamtrees for controlling fire light (personal
communication from Edmund Mach Foundation).

In the context presented above, we decided to iigats three diverse random variables:
the percentage (or number) of days in which thesitation will occur during the blossoming
period in 2030 d), the number of apples containing residues innapga of 100 apples in 2030
(), and the number of apples containing more tham residue in a sample of 100 apples in
2030 ¢). These variables have been selected after haviegvietved approximately 20 focus
group subjects.

The sample of laboratory subjects consists of h@/iduals who were randomly recruited
outside the main supermarkets of Trento and askedrhe in the experimental laboratory of the
University of Trento under a compensation of 25Bo¢s-up fee). Selected participants are
divided in four subsamples that we call treatmemtach is characterized by a different
experimental design: “real incentives-unchaininfyeal incentives-chaining”, “hypothetical
incentives-unchaining”, and “hypothetical incensiwehaining”.

In the “hypothetical incentives” treatments, respemis are not provided with real
monetary incentives in addition to the show-up felile, in the “real incentives” ones, they are
told that one randomly selected individual fromhegtoup has the chance to win additional
100€ based on her/his choices during the experintergarticular they are informed that one
respondent in each treatment will be randomly $etkat the end of the experiment as well as
one of the questions she/he will answer duringetkgeriment. The participant, who might win
the additional 100€, will be selected through tmawdof a numbered chip from a cage that
contains as many numbered chips as the numbemgbwer positions that are in the laboratory.
Each numbered chips is related to a numbered canpasition. The question, that might make
the drawn respondents earning, will be selectedutiir the draw of a numbered chip from a
cage that contains as many numbered chips as tmderuof questions that the respondent
answer during the experiment. Each numbered clsip®lated to a humbered question. The
drawn participant win the additional 100€ if andyoif the event she/he had chosen in the drawn
question is consistent with the simulation aboetrdmdom variable under study provided by the
Edmund Mach Foundation.

In the “chained” treatments, respondents play tkeh@&ngeability game facing chained
questions where the outcomes presented in oneiopestiearly depend on their choice in the
previous one. In particular, we ask them to ansyvesstions that allow us to elicit the percentiles



of their CDFs in the following ordemis, s, Qi 812, /4, 8g/a, T1/2, 14, @Nd rza. In the
“unchained” treatments, this chained structure led game is hidden through a particular
randomization of questions. In fact, we elicit thercentiles of respondents” CDFs in the
following order:gu2, @iz, 12, Quias A1/ M1, iy ra,@Nd 3.

Analyzing three different random variables, it éolls that each respondent, whatever
treatment she/he belongs to, plays exchangeabdityes and lotteries three times, one for each
random variable under study.

7. Methodology

The assessment of the validity rate of subjectiske estimates for each treatment of our
experiment represents the first step to take feestigating the presence of “chaining effect” and
“real incentive effect”. The validity rate is thember of valid subjective estimates provided by
respondents, which is the number of individualneates satisfying exchangeability. Since the
exchangeability is a crucial requirement for idigitig valid subjective risk estimates, we
implement three diverse tests to investigate whiettspondents’ behaviours are consistent with
this notion. While one of them, say Test 3, onlyeistigates whether exchangeability is satisfied
for each respondent’s risk estimate within the damihe others, say Test 1 and Test 2, also
checks whether exchangeability is globally sattsfirethe whole sample.

Then, we test the presence of “chaining effect” drehl incentive effect” by using
different techniques. First, we compare validityeraf subjective risk estimates obtained for
each particular experimental setting characterigach treatment. Validity rates are assumed to
be proxies of the goodness of the used experimeetihg. Second, we econometrically test
“chaining effect” and “real incentive effect” by temating a model in which the discrete
dependent variable captures the validity of subjectisk estimates and these effects are
captured by dummy variables representing the chenatics of each experimental setting. The
estimation of this model takes into consideratios panel nature of our dataset.

7.1 Exchangeability tests

The first test(Test 1) is implemented by eliciting a new measefr¢he median value of
individual CDFs, says /7, through a second round of exchangeability gaies round differs
from the first one because the lower and upper ®wh the event space are not anynwrand
01, but the subjective estimates of the quartjes andgs, elicited via the first round of EM.
This investigation tests whether the assumptionexthangeability is satisfied or not by
comparing the subjective estimates @f, and gi2. In particular, if they are equal, then
exchangeability is satisfied, otherwise not:

Ho: Q12 = Q12

Hi: Que# Q2

We test this hypothesis both at sample level amaddatidual level. In the first case, we use
nonparametric tests such as Mann-Whitney U (MWW Kolmogorv-Smirnov (KS) tests, in
the second case, we simply checljf= gi/.

The second teqfTest 2) is based on the notion akftainty equivalerit(CE) defined as
the sure amount of money that makes people indifteto gamble. Respondents are presented
with choice tasks where they are asked to chooseeka a lottery, in which they win a

monetary outcome if the real outcomeG} will happen in the future (or a null monetary
outcome otherwise), and a sure paymenAccording to €&xchangeability assumption, the
certainty equivalent respondents are willing toegten order to giving up the possibility to play
these lotteries should be equal for those chaiaeterby real outcome§ij that have been




judged to be equally likely by respondents themeselsuring the first round of EM. For this
reason, this test of exchangeability checks theviahg hypotheses:

Ho: CHL(x:G! )| = CE|L(x:G¥)|, withk#1i, k<]

H.: CE|L(x: G! )| = CE|L(x: G¥)

We test this hypothesis both at sample level bygidvMann-Whitney U (MWU) and
Kolmogorv-Smirnov  (KS) tests, and at individual &év by checking if
cHL(x:G!)|=cHL(x:G).

The third test(Test 3) is based on the creation of a multipl®icdh card where
respondents, for each choice task, have the pbistbi choose between lotteries that they have
implicitly defined to be equivalent according tceithchoices during the first round of EM. A
crucial point is that respondents have also thaipiisy to show their indifference among these
lotteries by choosing neither. In each choice taskpondents are presented with two lotteries,

both characterized by a monetary outcaxnend by a real outcon@%. Respondents gain the

same monetary outcomxdf the real outcome’sij of the lottery they have chosen will happen in

the future or a null monetary outcome otherwisedé&inthe assumption of “exchangeability”,
respondents are assumed to be indifferent betweteriés characterized by real outcomes
which have been defined as equally likely by resleots themselves during the first round of
exchangeability game. In fact those lotteries augwalent, in the sense that they exactly provide
the same payoff. Hence, exchangeability holds df amly if respondents decide to bet on neither
confirming their indifference between the two prests they have shown in the first round of
EM. In particular, we test the following hypotheses

Ho: L(X:G})z L(X:G}‘), withk#i, k<j

Hi: L(x:G})</> L(x: GJ“)

This hypothesis can be tested only at individualvele by simply checking
if L(x:G‘j): L(x:ij).
7.2 Chaining effect and real monetary incentive effect

The hypotheses related to “chaining” and “real ime” effects are tested by using two
diverse approaches; while the first is very muckedaon intuition, the second is based on
econometric analyses.

In the first approach, we simply calculate the di#i rate of subjective risk estimates that is
the number of valid risk measures elicited via exageability method for each treatment of the
experiment. We assume that subjective risk estenate valid if and only if the following null
hypotheses are not rejected:

a. Ho: 012 = 0112’ at sample and individual levels

b. Ho: CEI_L(XZ G| )J :CEI_L(XZ GJ“)J with k# i, k<j at sample and individual levels

c. Ho: L(x:G!)= L(x:G¥), withk#i, k <] at individual level

The treatment obtaining the highest validity ragpresents the most efficient experimental
design that can be used to elicit subjective ristkmeates via exchangeability method, and its
characterization in terms of chained/unchainedctiire and real/hypothetical incentives allows
us to investigate the presence of “chaining” argl'incentive” effects.

In particular, if the “real incentives-unchaininggéatment obtains the highest validity rate,
we can conclude that, as the literature in econoexperiments predicts, real monetary



incentives increases the reliability of risk estiesa Moreover, as predicted by Harrison (1986),
chained structures of experimental games creatagms for risk elicitation, especially if these
structures are combined with a system of incentbased on real payments.

Assuming that the highest validity rate is obtaifgd‘real incentives-chaining” treatment,
we can conclude that, real monetary incentives awvgs reliability of results, and their
combination with chained structures does not h&reepresumed negative effect predicted by
Harrison (1986).

The hypothesis under which real incentives incrélaseeliability of obtained risk estimates
is rejected if “hypothetical incentives-unchainingind “hypothetical incentives-chaining”
treatments obtain the highest validity score. Magegpwe might claim that EM is incentive
compatible by itself, and that real incentives havaisleading effect on respondents. However,
in case “unchaining” treatment gets the highestitglrate, we deduce that the chained structure
of games negatively affects the validity of resudss predicted by the literature in economic
experiments, while, in the other case, we arguedtained structure of EM helps respondents to
provide better risk estimates.

In the second approach, we build a model in whitghdiscrete dependent variable, which
describes if subjective risk estimates are validair is explained by a set of dependent variables
taking into account socio-economic characterisatgespondents, their attitude towards the
consumption of apples and food contamination, dhd, treatment they belong to. The last
information is captured by a set of dummy variablesthe sense that each treatment is
represented by a dummy variable which takes value ib the respondent belong to this
treatment and value zero otherwise.

We estimate this model taking into account both drgerete nature of the dependent
variable under study and the panel nature of ota st (random and fixed effects logit models).
In fact, each respondent provides us three diffezetimatesg; s, th/2, andgs, that are basically
provided in three different times.

The statistical significance and the signs obtaibgdcoefficients of dummy variables
interest our analysis, because they allow us toerstand which characteristics of the
experimental design affect the probability thatjeative risk estimates are valid or not. The
interpretation of results is very much similar batt described for the first approach presented in
this paragraph.

8. Expected results

We aim to define a clear-cut valuation method teestigate the validity of subjective risk
measures elicited via exchangeability method. Tiéshod allows us to investigate whether real
monetary incentives and chained questions affecvafidity of risk estimates.

To our knowledge, previous investigations using E&We been always conducted by using
real monetary incentives as suggested by the tiiteran experimental economics. Nevertheless,
taking inspiration from a Baillon’s sentence (2008¢ hypothesize that real monetary incentives
do not really matter in EM because the simplesttagyy respondents can use to play the game is
telling the truth.

If this is the case, the presumed negative effdctthe chained structure of EM'’s
experimental design hypothesized by Harrison (198&uld almost disappear because it is
mostly due to strategic behaviours of incentivirespbondents. On the contrary, we hypothesize
that a negative effect of chained questions stite because the chained structure of EM induce
respondents to answer meaningless questions. intfec implementation of an experimental

10



design in which the chained structure is not hidddgna randomization of questions lead
respondents to face binary questions describingoiwepects that they have already ruled out in
previous questions.

In conclusion, we hypothesize that the highestitlity raté’ might be reached in the groups
of people who faces “unchained” experimental desidvioreover, given that telling the truth
seems to be the respondents’ easiest way of plah@game, we expect that real monetary
incentives do not have any effect on the reliabitif estimates. In conclusion, we predict that
“real monetary incentives-unchained questions” diypothetical monetary incentives-
unchained questions” will obtain the highegalidity rates.

9. Conclusion

In the last few years, scholars investigating esinental and health risk perceptions have
started looking atihdirect methodsof risk elicitation. The most used techniquesirg on the
use of ‘external reference evefitsbut recent works on risk elicitation have reedigered
methodologies based ornnternal event§ an example is the Exchangeability Method (EM).
Although this technique seems to overcome somedtimns of ‘external reference evefis
based techniques, it suffers from other limitatidnsthis paper we focus on very technical and
methodological issues related to the EM by usirgguéry intriguing statistical findings by the
Italian mathematician Bruno de Finetti. In partarulve investigate the effect of real monetary
incentives and chained experimental designs orvahdity of subjective risk estimates elicited
via EM. We expect to obtain empirical data from @l experiment suggesting that, while real
incentives do not play any role since the simpésttegy respondents can use to play the game
is telling the truth (Baillon, 2008), chained quess might have a negative effect on the validity
of risk estimates. This work is one of the few m@pés to investigate peoples’ perceptions of
agricultural risks such as food contamination bygis laboratory experiment and real monetary
incentives.
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Appendix A. Definition, axioms and theorems of probability theory

Let Gij be disjoint events with= {1,..,n}and j = n andS; be a sample space, then:
Statement 1P(G} )2 0

Statement 2P(S; ) =1

Statement 3. I{G}} is a sequence of disjoint setsSx) then

(Uei)-ete)

Statement 4P(Gij )=1- P(G}C)

Statement 5P(¢) =0

Statement 6. For eadd! (S, then0< P(G! )<1
Statement 7. IG! 0 G, with n = jk,k 1N,k # 0, then P(G! )= P(G})

n
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Figure 1. Structure of the experimental design

%=G
G112
G; G;
27} 0112 O34
G! G? G? G!

13



