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Field of investigation and Research problem

The importance of statistical information in doctor-patient communication

Increasing emphasis has been placed on the way doctors communicate risk to patients
(Alaszewski and Horlicklones, 2003; Calam, Bennett, and Coles, 1999; Gigerenzer and
Edwards, 2003; Gigerenzer, Gaissmaier, Kdilcke, Schwartz, and Woloshin, 2007; Paling,
2003). Indeed, clinicians are increasingly recommenelegin mandated by lawo help patients
make informeemedical dedions by paying more attention to risk counselling (Weinstein,
1999; Schwartz, Woloshin, and Welch, 1999). Since the Seventies, the paternalistie doctor
centred model of the physicigmatient communication (in which the physician was chargeable
with the deision of which information was relevant, and had the sole decision making
responsibility) has been progressively abandoned for a more patiented approach, until a

deliberative model (sharegkcision approach) has become customary in most of thaeatva

countries (Emanuel and Emanuel |, 1992) . I n the

of a friend or teacher, whose main aim is it

healthrelated values that can be realized in the clinicasetiation. To this end, the physician

must delineate information on the patientoés cl

val ues embodi ed i np. 2282 In this aeiv FemtohskiEnwed approachs 0
patients as well arasked an active role both in the definition of the health problems they face,
and in the evaluation of possible solutions.

Following a progressive acquisition of a prerogative state, the patient has become the
main entitled holder of her/his wellbeing, daas such s/he ought to be provided with all
necessary means to actuate a conscious decision in matters of health. For these reasons, doctors
and technical health staff have the duty of ensuring that every choice is active and conscious,
that informed corent is reached on all medical risks and on the selected practices to contrast
these risks (Santuososso, 1996) . As Hal | et
particularly evident in the context of genetic counseling, with a summary of 51 nadiathal

international guidelines for genetic counseling emphasizing the importance of patient autonomy

and nordirective information giving in this context
(http://www.eurogentest.org/web/info/public/unit3/guidelineswpl2.xhtm, accessed on
02.10.200% © . Mor eover, this right of acquiring i

important to patients (e.g., people with cancer disease), but als@ @s treir primary unmet
needs, especially concerning that of quantitative information like probabilities of risky events
(FeldmanStewart, Kocovski, McConnell, Brundage, and Mackillop, 2000). In order to take a
decision concerning their health, people migeed to know the frequency of occurrence of a

given outcome in their population of reference (for example, how many people out of the total

'!Not far from this idea is the concept of Ali berta

(2003 for private and public institutions that should affect behavior in welfavenoting directions
while also respecting freedom of choice.

Fal)


http://www.eurogentest.org/web/info/public/unit3/guidelineswp12.xhtm,%20accessed%20on%2002.10.2006
http://www.eurogentest.org/web/info/public/unit3/guidelineswp12.xhtm,%20accessed%20on%2002.10.2006
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of those going vacating in a tropical country each year did contract malaria despite having been
vaccinated agast it). In agreement with this unmet need, for instance, FeldBtanmart et al.

(2000,p 228) reported f r ofoarobtimeop fivé itemshiad SRfentifled udi es t
by men with earlystage prostate cancer as necessary for their treateesioths concerned the
chances of a particular event Ohappeningdo.

The inclusion of statistical facts on the condition of interest or on the treatments
available to cure it, in a risk message does not only represent an inescapable step of a medical
commurication carried out in accordance with the guidelines in force, but the important value of
numbers in communications of statuses and actions entailing uncertainty has been also
recognised by health communication and cognitive psychology scholars. It stemns,
mentioning the likelihoods in a numerical format can increase trust and belief in and comfort
with the risk information (Gurmankin, Baron, and Armstrong, 2004). Some studies indeed
found that statistical information increases comprehension (Mai$eddi, Goodburn, Lawton,

Michie, and Bobrow, cited in Visschers, MeertelRasschier, and de Vries, 200Bpwever, it

has been widely questioned whether patients really understand and ultimately use these values
(see the | iter at uunerag,re.g.flc@gegiee Gassmaiernkiliclke,| i nn
Schwartz, and Woloshin, 2007, or Lipkus, Samsa, and Rimer, 2001).

When they are explicitly asked, patients say that they like verbal labels more than
number s. Ver bal | abel s f(tee.ngd.,, afinrdarsd yon) AasmeneV
easy to use and more natural than numerical information (e.g., Brun and Teigen, 1988;
Wallsten, Budescu, Zwickand Kemp, 1993). However, due to their imprecise nature, verbal
labels cause more variability in risk peptien than the other type of format (i.e., numbers),
both between and within the respondents (Gurmankin et al., 2004). Indeed, the interpretation of
gualitative expressions of risks varies greatly, with wide ranges in the meanings or numerical
values attthuted to verbal descriptions of risks across individuals (e.g., Ohnishi et al., 2002) and
across contexts (e.g., Mazur, 1990; Mazur and Merz, 1994). Thaeffde has led some
authors (e.g., Burkell, 2004, but also Edwards, Elwin, and Mulley, 2002)gto that verbal
expressions of probability should be avoided, and to state, that risk information is better
i mparted with numerical expressions, provided
into information that is more helpful to the discussiot han t he datao (Edwar (
Mulley, 2002, p. 827).
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The subjective cha act er of Alob| eiases wm guilgement rafbde r s : B

decision making

Albeit the apparent objectivity of their character, raw numbers are not exempt from
issues of multipkiity of interpretation. Several numerical formats can be chosen to express a
given probability of an outcomehe most common of these being percentages (e.g., 5%),
singleevent probabilities (e.g., 0.05), frequentiés.g., 5 in 100), and absolute frequies
(e.g., 600); selecting one of those rather than another in risk communication is not without
consequences.dlearch by Brase (2002 a direct comparison of these expressions found that
individuals felt them different in the degree of clarity aneheasy they were to be understood;
in particular, frequenciég simple frequencies, as he termed them) were
that is, the simplest and clearest among formats judged, followed by percentages (i.e., relative
frequencies), and then kgbsolute frequencies based on very large reference classes, while
singleevent probabilities were in the last place (as they were perceived as the hardest to be
understood).

Format effects trace back to the pioneering work summarised in Prospect Theory
(Kahneman and Tversky, 1979), demonstrating the crucial role of the superficial format in
which information is presented for its assessment, and for the decisions elaborated on its basis.
Through all their works on experimental observatiortsahnemanand Tversky proved
systematic deviations from what theoretically
p r i n targpdd bydsupporters of the classical economic theory. In other words, they showed
that even those changes in the options, that fromthé poinf vi ew of t he appare
rati onal agent o, coul d be considered i rrel evar
optimal decision, namely that theoretically predicted by the normative model. For example, as
fiframi nYilustrdtedl ékameman and Tversky, 1982)immly altering the frame (in
positive/negative terms) of a scenario can change preferences for one course of action rather

than another, even if the options have quantitatively identical outcdm#se studies on the

ZFrequency canbé e y n efid haes r at e at which something happens, f
happensinagr t i cul ar per i OBUILDfIEngish haaguagd [Rmnary, 1996, ofCt h e

number of times an eventorhar act er o c c ur $Oxforsh English @ictoreny20@6pIimp | e . 0

the casef the present thesis, the sampfehe last definitiormostly consists of a certain group of people.

® These findings are consistent with studies of statistical reasoning, which indicate that frequency
presentations facilitate understanding of data (Cosmides and Tooby, H886ge andGigerenzer,

1998) due to the suggestion that evolution and experience have been equipping people better to
understand probabilistic information expressed as frequencies in a population, rather than as probabilities

for an individual. In fact, Gigerenzand Hoffrage (1995) augd that frequencies are the natural way in

which people think about probabilities. However, results of studies investigating the same issue have not

been consistent, hence existent resedoes not establish the superiority of frequency formats.

“ Such poperty implies that every economical agent behaving in accordance with axioms of the Utility

Theory (Mon Neumann and Morgenstern, 194l not modify her/his preferences on the basis of the

presentation format of a choice problem.

®> Framing itself carbe defined asfipr esenting o6l ogically equivalento i
(Wilson, Purdon, and Wallstoguotedin Edwards andlwyn, 2001 p. i1]).
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Asiatic Disease ProblenTyersky and Kahnemani981), two groups of participants were asked
to roleplay to be asked to find the best solution to face a strong epidemic, and having to choose
between two urgency sanitary programs. One of them guaranteed a paeiiabatb result,
while the other had a given likelihood of solving completely the problem, but could also be a
complete failure. The problem was presented in two versions, namely in one the outcomes were
described in terms of people saved, while in themth terms of victims. Despite according to
the invariance principle no differences had t
showed an inversion of preferences from one version to the other. Indeed, in the version
expressed in terms of savedople, the majority of participants preferred the sure option, while
on the contrary, in the version where the consequences of the program were described in terms
of lost lives, the majority of participants expressed a preference for the risky option. Thus
aut horsdé work showed that i ndividuals did not
options-i.e., in terms of their expected value, as predicted by Utility Theory (Von Neumann and
Morgenstern, 1947), but were instead prone to the influencénof mhetails (like the framing of
options) of the problem description.

The i nvest i satsficihg? (Simonf 1979hratherfithan optimal behaviour,
observed in the experiments of Kahneman and Tversky has been progressively extended to
judgments uder uncertainty of various events in diverse areas of everyday life. The research
has been reamedthdiheur i sti c andabitasesdopyogham, Her bei
defined and namé&dt he psychol ogy of bounded rrmemanonal ity
2003, p. 697)The portrait of the average individual resulting from such experimental analyses
is that of an agent rarely following formal statistical rules in making decisions outside the
laboratory. Rither, it is that of an individuathose evalations, instead obeing the result of
formal and extensive algorithmic processirage often based on a restricted number of
simplifying heuristics. These Arules of thumbo
they guide to an effective solutimf problems by helping individuals reducing the complexity
of certain issues (see, for instance, Gigerenzer, 2008). The same rules, however, can sometimes
induce in errors, nameoiasesby s chol ar s. Heuristic pmagcessing
reveal highly adaptive, especially when decisions are being taken in situations that are changing,
uncertain, and dynamic. However, a wranggrpretation of this approach has been circulating
for several years, where the use of heuristics has been ideasfiedoprone and leading to
some systematic predispositions, namely the above menioasss.

Even objective nhumbers are subjected to heuristic evaluations. As such, while is true

that rules of thumb applied to their evaluation might in some casgsdehe same result of

®Nobel | aureate Her besdisfich@@mam deisced btehea phatcase o m
takes the shortcut of defining what is acceptable and then settling on the first alternative that meets those
minimum requirements. It is blended word combiningatisfywith suffice meaning that you sacrifice

the best alternative for one that adegliasatisfies (i.e., suffices) your demands at the current time.
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formal calculations (but with advantages in terms of time and resources), it is inevitable that in
other cases they lead to some distortions.

Similarly to other superficial features, the numerical presentation format used in
proballity communication has been advocated as a determinant characteristic capable of
influencing peopleds judgments and deci sions i
been recognized that even numerical presentation of a probability is sujectt o A f r ami ng
mani pul ati onso. lts effects have been intensiyv
psychology (for a review of the effects of numerical and other formats in probability

communication, see Visschers, Meertens, Passchier, andede 2009)

Communicating numerical information in health-care: The importance of studying
format effects

In the applied field of healtbare, the issue of which numerical format is best to express
a probability has a decisive importance from the pdini@wv of informed choices, and of that
of bringing about reductions in risky health behaviour, for instafibe point then is defining
the term fibest o. Three features must be consid
meaningful), useful fojudgment and decision making (i.e., affectively meaningful), best to
reduce peoplebs reckless health behaviours.

As stated above, communicating risk is not a choice for doctors but it is a mandatory
act. Many are the areas of health care in which priofesis need to provide risk information to
patients to enhance their decisions; consider, for instasoese of the examples reported,
among othersb y Bur kel | (2004, p . 201) : i Wo me n ma k
replacement therapy to treat menopaugahgp t 0 ms 0 , as they HfAmust under
reduced risk of osteoporosis, cardiovascular disease, colorectal cancer, and Alzheimer's disease

against the increased risk of breast cancer, myocardial infarction, cerebrovascular disease, and

thromboembot di seaseo; @AMen choosing among options
cancer o0, as they dwant to know the 1|ikelihood
options beforena ki ng t heir decisiono; or, afmparntiaci pdretys

Amust wunderstand the risks associated with tre
make informed decisions about genetic testing
professionals ought to communicate probability of a oemgative healtinelated outcome

happening to laypeople is, for instance, that of the probability that a specific pattern of

behaviour (e.g., smoking) will lead to a particular health problem (e.g., lung cancer).

" The issues analyzed included, to quote only the most discussed, a) the difference between numerical and
verbal expression of probability; b) the frequency/ percentage debate; c) thegiiesesf absolute or

relative risk information, d) the hard comprehension of cumulative probability information; e) the effects

of employing a visual aid to represent the risk on its perception.



Chapter 1

Moreover, nowadays the number ©ifuatons in which healtltare practitioners (i.e., medical
doctors, nurses or medical attendants, or technical assistants like, for example, radiologists)
must communicate risks has grown extraordinatilybelievable advances in medical sciences,
in understanithg the human genome, beside the identification of the genetic errors indictable for
diseases, are on the one hand making the human being feel safer, but on tharuthee
leading to an increase in number the situationgndowng a certain degree ofsk that ought
to be communicated. Such apparent oxymoron corresponds to the idea, that if we have gained a
much better knowledge on the mechanisms regulating our body thus making us able to better
pursue health welfare, on the other hand the numbeorditions and possible diseases we
should be tested for has expanded incredibly,
Furthermore, an additional factor adding up to the number of risky situations is represented by
the increasing use of biochemicamaging, and genetic screening tests that all provide
probabilistic information.

In all those situationsdetermining the effectshat different numerical information
related to riskand presented bynealth care professionaleve onpeop |l e b s ingiafder st an (
probability, their judgments(e.g., Ancker, Senathirajaha, Kukafka, and Starren, 2006; Cuite,
Weinstein, Emmons, and Colditz, 2008; FeldrsaewartBrundage, Van Manen, and Svenson,
2004; Lipkus, 2007)and evenbehavioural intentions (e.g., MarteaKidd, Cook, Michie,
Johnston, Slack, et al., 199%)of crucial importance

Object of investigation: A specific format effect inrisk communication of prenatal
genetic testingresults

Among features deemed responsible of biases in perception, spépifat of studyof
the present dissertation has been the use of different fatinats in risk communication of
prenatal diagnosis results. In particular, work has focused on the possible influence that those
expressions of the probability related toresming for Down syndrome could have on
prospective parentsé perceptions. While for a
the context of decision (i.e., antenatal screening for Down syndnemesfer to the paragraph

here following, forwhat concerns the elucidation of what

8 From the strictly mathematical point of view, the conaeft fAr ati o0 i s broader than
while a fractionalways illustrate  @art twholed relationship(e.g., 3/4)ratios can be used ttenot a
much larger set of relationshipsjch as part to pafe.g., 3 : 1)and wholeto part(e.g., 4: 3). Despite the

present object of interest would have been more app
irati oo was chosen to refer to it since most of the
to have used that expes o0 n e-b g gBenelRRjaand Epstein, 1994). Thus, by ratio formats we

meant, verbalized frequency expressions |ike, for i1

°Br oadl y Streehingiisnagsysterfiatic attempt to idenfitym apparently healthy individuals,

those at high enough risk of a specified disease to warrant further action. Those in the high risk group are
offered interventions which are either too expensive or hazardous to be provided without such prior
selection 6 ( Gr een, Hewi son, Bekklgr, Bryant, and Cuckl e,
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rati o formatso the next sentences wil|l do. Wh e

10%) through a ratio format, s/he can in principle state it by means of severalaguiatos,

whose numbers at the numerator and denominator will hence be (comparatively) both smaller or
larger (i.e., N in N*X, or Nin N;*X, or N;in N*X ...and so on). To exemplify, one can say,

that a person haslain 10probability of having a chd with Down syndrome, or, for instance,

that such person hasl1® in 100probability of having a child with Down syndrome. Does
choosing one expression (i.e., 1 in 10, or N in N*X) rather than the other (i.e., 10 in 1Q0, or N
in Ny*X, for instance) makeny difference in terms of how those values are perceived by the
receiver of the communication, in the specific, the person at risk? Answering such question was
the main aim of the present work.

Research originated from both a theoretical and a practiestign. From a theoretical point,
studying format effects is one way to validate theories on how the mind processes information
about risks. These theories will be described in Chapter 2. From a practical side, format effects,
as said before, have con@ebnsequences on judgments and decisions of individuals regarding

health issues, therefore their effect could be used to promote health care.

The specific case of Down syndrome

Antenatal screening offers the possibility of preventing the birth of infaititisserious
congenital abnormalities, such aseural tube defectsDown syndrome chromosome
abnormalities,genetic diseaseand other conditions (such apina bifida cleft palate Tay
Sachs diseassickle cell anaemiathalassemiacystic fibrosis andfragile x syndromg The
purposes for prenatal diagnosis are not only, as commonly thought, to give the parents the
chance to abort a foetus with theghiased disabling condition, but also, in case they want to

carry the pregnancy to full term, to enable timely medical or surgical treatment of a risky

condition before or after birthmoreoverto give pra pect i ve par eprepsrét he cha

psychologtally, socially, financially, and medically for a baby with a health problem or
disability, or for the likelihood of a stillbirth. Also, having this information in advance of the
birth meais that healthcare staff has the possibility to better prejpseie for the delivery of a
child with a health problem.

Among the large range of chromosomal anomalies, Down syndrome is the most
common, with an estimated frequency of 1 in 600 live births (Antonarakis, Petersen, Mcinnis,
Adelsberger, Schinzel, Binkert, ak, 1992). This disease, which often implies impairments of
the cognitive ability and physical growth problems for the baby, raises many questions for
prospective parents such as how to cope with the waiting, how to cope with a special needs
child, what #&out the baby's siblings and relatives, and so on. Antenatal screening for Down
syndrome consists in the estimati on of t he

pregnancy. Apart from nuchal translucency, it can be calculated for each woman based on her

w


http://en.wikipedia.org/wiki/Neural_tube_defect
http://en.wikipedia.org/wiki/Down_syndrome
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Genetic_disease
http://en.wikipedia.org/wiki/Spina_bifida
http://en.wikipedia.org/wiki/Cleft_palate
http://en.wikipedia.org/wiki/Tay_Sachs_disease
http://en.wikipedia.org/wiki/Tay_Sachs_disease
http://en.wikipedia.org/wiki/Sickle_cell_anemia
http://en.wikipedia.org/wiki/Thalassemia
http://en.wikipedia.org/wiki/Cystic_fibrosis
http://en.wikipedia.org/wiki/Fragile_x_syndrome
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age and any combination of maternal serum markers: she wileberibed ascreen positive if
her risk value exceeds a specified-offtvalue (normally, 1 in 250/270). If an elevated risk of
chromosomal or genetic abnormality is indicated by theine&sive screening test, a more
invasive but diagnostic technique may be employed to gather more information (e.g.,
amniocentesis or Chorionic Villus Sampling).

Despite accepting or declining prenatal screening should be the result of an informed
choice, namelpyne based on fArel evant i nf or maa k eornd and
valueso (van den Berg, Ti mmer mans, Knol , van Ei
not so. For instance, in their study on a sample of 1159 pregnhant women eifeegdnaternal
serum screening test or the nuchal translucency measurement, van den Berg and colleagues
found that only 68% of the choices could be defimetuallyii nf or med o . Il ndeed,
interviewedfrequently showed lack of on@r evenboth) of the dimensions common in all
definitions of informed choices, that ammfficient knowledge (i.e., of, broadly speaking,
Acharacteristics of condition for whi ch scree
screening test, and implications of the possible s t resultso, i bid., p.
i nconsistency (i .e., Afdi sagreement bet ween the
actual behaviour itsaf, )i Goundeling a couple about the Down syndrome screening result
in a simple yet comprehsive way is a particular challenge for many health care providers.
Indeed, a critical question is whether pregnant women and her partner have an adequate grasp of
the numeri cal i nformation delivered, and yet s
understanding of Down syndrome screening (Eiser, 1998; Godyer, Bamdtirwig, 2000;
Thornton, Hewison, Lilford, and Vail, 1995).
Thus, in order to favour sound decisions, it is first of all necessary to understand how future
parents form a subjectiyerobability judgment out of raw numbers. Hence, studying effects of
superficial presentations in communication on
vital importance. Analyzing the influence of the ratio formats expressing the probability of
having a Down syndromaf f ect ed child on prospective paren

can disclose effects of determinant rel evance f
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Existent literature on thesue

The initial part of th s chapt er wi || briefly review th
feelingsd theory on how human bei ngs compr eh
MacGregor, 2004) on which basis the investigation was grounded. Then, the thesis will start
focusing on thespecific issue of research, namely how the use of superficially different but
mathematically equivalent ratio formats (e.g., N in N*X qritN N;*X) affects the magnitude
perception of the probabilitwhich those ratios convey.

With this aim, first of dl the existent research will be briefly summarisadich
focused on the impact that the type of ratio format (1 at the numerators vs. other fasedts)
for probability presentatiorhas on its comprehension, particularly when related to a medical
domain.

Afterwards, research will be reviewethat analysed the effect of ratformat on
perceived probability and decision making. Indeed, starting in the 1990s, various empirical
studies considered whether different ratio formats denoting the same objeotiadility -e.g.,
1in10vs.10in100 or mor elingXé n ek ia (NIKYO- chuld impact choice and
subjective evaluations. These studies delivered contrasting results.

On the one hand, mainly Prof. Seymour Epstein and colleagues suggesieebfila tend to

neglect denominators, preferring for example a lottery offering a 10 in 100 chance of winning to
another offering a 1 a 10 c¢hanc Ratiebiaowierdriecg. T
(e.g., DenefRRaj and Epstein, 1994; DenBsj, Estein, and Cole, 1995) unddret Cognitive

Experiential SekTheory (CEST, Epstein, 1991, 1993) and attributed to the prevalence of the
experienti al system over t he rdedomioatoanegleatn e, has
under Fuzzytrace theor Rey n a, 1991). The ability of such p
behaviour in different fields of application will be illustrated in Section 1 of the present chapter.

On the other hand, Yamaguchi (1998) suggested that when people are asked toatiaieate

whose probability is kept constant, they tend to rate the threat as less probable when the number

of individualsat threat increases, for example if it will affect 10 persons in 100, rather than 1
person in 10. That gouediifisoml nehf edupbbedemée fio s
people neglect numerators rather than denominatorsingle ratio presentation. Group

diffusion effect will be illustrated in Section 2 of this chapter.

No connection between these two sets of theories postylapposite tendencies had been
established until Price and Matthewsods work (2

conclusive part of the chapter.

12
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Risk asanalysis and Risk adeelings

Recently, a comprehensive theory on how human beingegigerand evaluate risk has
been formally elaborated by Slovic, Finucane, Peters, and MacGregor (2004) in the wake of
dualprocess approaches of thinking, knowing, and informgii@mecessing in cognitive
psychology Chaiken and Trope, 1999; Kahneman angdearick, 2002; Sloman, 1996), and
modern theories of neuroscience (e. g., Damasio, 1994jowing volume of researchesd
findings is increasinglybeing emphasizinghe existence of two different essential ways in
which individuals would comprehend kis n a medxperiergtiab fwv alyo addressed as
ASystem 10 by Khane-rmaard gadyldfi3 v alsp addressed bysome r s
as the fArationalo system (e.g., Epstein, 1991)
fiSystem 2 dnan (8083 andszholafeBoth systems would be fundamental for risk
processing and evaluatiowhile the analytic system uses normative rules and formal logic, as
well as algorithms and probability calculus, the experiential system uses intuition,t&giintc
feelings, and emotions (for a review of properties of the two systems, and of the different
interpretation of their facets, see section 1.1.2 and beginning of section 1.1.3 of the present
chapter). Both systems would be continually active, andtaothg interacting in what has been
characterized as fithe dance of affect and reas
Slovic et al., 2004). Anyway, the prevalence (for several reasshigh will be tackled
throughout the present work) of @mvay of reasoning over the ott@ninfluence the type of
Afanswer o given by our mind to information and j
According to Slovic and colleagueand similarly argued by Kahneman (2003), and Reyna
(2004), not only the experiential system is the defaystem, necessary even to guide the
analytic system to wor k pr op alsolpgssegsiclerentsof t o fAdo
rationality at same strength of the analytic system. In other words, the experiential system
would bethe basic fundanmal way in which human beings encode and evaluate information.
This interpretation is, however, very recent. Indeed, after a period (i.e. theitheoclassic
approach) in which only analytic thinking was considered legitimate object of research, exactly

because of being the fAepitome of r'hrégainedal i tyo

19 Otherwise differently stated, all the termsreferring to one of the two systemsill be used
interchangeablyo denote that systeiin the present thesisVhen a specific theory will be described

instead, the terms used will be those employed by the author/s.

' A commonly accepted definition describes emotion as a vast disposition to answer that can include a
linguistic measurable behavior, organized actions and a (somatic and visceral) piodicgsem of

support for those eventEmotionsintervene in evaluative and decisional processes, and can be broadly

classified into immediate and anticipated emotions, the first ones further subdivided into integral (i.e.

related to the object of evali@n/decision) and incidental (i.e. not related to it). All these types of

emotions are supposed to play a role in the judgmental and choice behaviors, in other words 1) to cover

an informative function (affect as information); 2) to be an instrumentgydi at t ent i on (fia spot
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the role they should always have been entitled to, namely that of being one of the most
important determinants of perception and behaviour. Previously, emotiere deemed as
interfering with reason (hence somehow lowering the quality of the reasoning process).

In decision making, the revival of attention for the role of emotions approximately
coincided with t hthe affestrheuastuot, u adtal shattui consistimgfin A
reliance on the affective feelingsgenerated by a stimulus for evaluation and decision
(Finucane, Alhakami, Slovic, and Johnson, 2000; Slovic, Finucane, Peters, and MacGregor,
2004). Authors incorporated the affect heuristic i t hei r view of Fndi vi du;
processing about risk (e.g., Slovic et al., 2004). The way in which affect heuristic works can be
approximated as follows: in evaluating a situation, people would form mental images (that are
influenced, sometimesrsen determined, by individual differences and by the type of task); such
images have connotative emotions, namely conscious or unconscious tags associated with
objects and events representations from the past, negativity or positivity of which the person
would consult in order to gain an evaluation of the stimulus. The affect rule of thumb would
substitute the systematic analysis of each of the stimulus attributes, thus increasing rapidity and
automaticityof the processvhich, indeed, are also typical faets of affective responses. As
other mental shortcuts, the affect heuristic would be employed particularly in those situations
where decision is very difficult (because, for instance, the individual does not know the
necessary rules to address the probbemsideredor does not possess the abilities to do so),
where temporalimits impede a complete analysis of all the features of the situation (i.e., time
constraints), or where the informatiemailableis not sufficient. As in other cognitive domains,
judgments and evaluations about risk are strongly related to afféeed, even in probability
judgments, the affect experienced or imagined during informgtiocessing may serve as a
cue for the assessment of the probability magnitude (this pointbwilhddressed again in
Section 3 of Chapter 3puch assessment, anyway, mightiffeuencedeven by the degree to

which the ratio format is understood, an issue that will be examined in the next section.

to work as a guide to decision (affect as motivatio
Diefenbach (2006).

12 The conceptof fiaffecd-i . e . |, a Afaint whisper of @&aGrgoronodo (S| o
2004 p.312-on which this heuristic is based has been expg
6goodnessd or O6badnessd 1) experienced as a feeling
a positive or negative quality of a still u s . Af fective responses occur r afg
(ibid.)
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What is known on comprehension of different ratioformats

Doctors uset h & in K oformat more than fiN in NXo formats

Frequency formats are extensively used in communications about risk. For instance, in a
study by Michie, Lester, Pinto, and Marteau (2005) on the transcripts of 115 U.K. genetic
consultaions, 47% of the 492 risk expressions conveyed by practitioners were numbers (the
remaining 52% were words, i.e., verbal probability statements); among those, the large majority
was constituted byse al | ed #fAprobabil iti esherthan pereentagespr opor t
(32% vs. 15%). Anyway, studies also reveal, that among ratio formats genetic risk is more
frequently expressed as population size required for 1 expectant event (e.g., 1 in 8) than in what
is considered the customary scientific forragtexperts in the field, namely rates of events per
unit of population exposed to the risk, commonly 100 or 1000 (e.g., 12 in 100, in-Stain,
Hanoch, Graef, and Sagi, 2009). MifBhatz and colleagues, for instance, stated that conveying
prenatalsceni ng t est-infNes (flotramaitn iaa fwk i t t anails)doo mmuni c a
women is ordinary practice in Israel.

The preference of genetic counsellors for proportions with a numerator of 1 and shifting
denominators in the expression of risksg(el in 200 instead than 5 in 1000, for a .005
likelihood) has been found not to represent the implementation of a rule drawn from scientific
literature attesting advantages of such format in any aspect supposed to improve the
communication of risk. Rathe, such inclination results from h
attempt to make the population size statistics more understandable to the public (Hook, cited in
Grimes and Snively, 1999). Despite heamth prof
to disprove their conventional wisdom that laypeople understand proportions better than rates,
arguinginsteadfor a facilitating effect of the customary scientific format over population size
required for lexpectant event. Such evidenedll be briefly reviewed, and the issue of
comprehension examined, in the next paragraph. Nevertheless, it is apparent that both formats
are employed, as the following examples can show. For instance, in a report of the probability
figures that a 3¥§earold woman shouldveight in order to be able to make an informed
selectionabout prenatal tes{se., between a screening test for chromosomal anomalies and a
diagnostides), Gates (2004)mplicittya f f i r med t hat what shkinnamed fi
Xoexpressioa) and Afr efgN einrc eXp@WBiond) are tlevo normal way of
presenting statistics adopted in landmark epidemiologic studies of the prenatal diagnosis field.
The sameidea leaving apart taxonomy issuese(, aut hor s def i masasl i n X
Aproportionso, andisfouddinGrimds@rd Grivela($99%M.r at es 0)
Are there differences in the way individuals understand 1 in X formats and N in NX formats?

This issue will be object of analysis of the next paragraph.
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The advantage of rates over proportions in facilitating the performance of

mathematical operationsin medical decision making

Few studies have sought to determine which formats make it easier for laypeople to
perform operations of the kind that might arise in malditecision making. Most of them have
investigated only a single (but fundamental) operation: the ability of identifying which out of
two probabilities is larger. One informative example is represented by the study of Grimes and
Snively (1999), where thakill was assessed when the probabilities were expressed either as
rates of disease per unit of population exposed to the timethiaf caseper 1000 people) or as
proportions with 1 at the numerator and shifting denominators. To this aim, researchers
presented women in numerous Obstetrics and Gynaecology outpatients clinics with a
guestionnaire asking, among other unrelated questions, to circle the higher out of two
probabilities of having a bladder infectidmoth probabilities were expressed eithesdrcalled
rates(i.e., frequencies with a 1000 denominat@r6 in 1000 and 8.9 in 1000) or in-ealled
proportions i.e., the population size required for the expected eviat is a frequency with a
1-in-n format:1 in 112 and 1 in 38213 Each indivdual assessed both formats, but the order in
which they appeared was randomly varied to avoid sequence effects. Participants correctly
identified the numerical risk expressions convgyime larger magnitude in 56%-in-n format)

and 73% (rate format) afases, thus showing a significant higher comprehension of rates than

of proportionst he number of Adonot knowd answers was

many women did not understand either format. Superiority of the rate format was consistent
across allprimary languages, age groups, and levels of education of participants tested in the
study.

The result was confirmed on a more representative saogpistitutedof laypeople
(both women and men) by van Vliet, Grimes, Popkina, and Smith (2001). Usin@rtiee s
experimental design, and the same probability expressions of the previous study, but this time
referred to the risk of Down syndrome, researchers replicated the finding of a superiority of the
rate format on the-ih-n format in terms of accuracy; it&lvantage on the other format (76.2%
vs. 72.3% correct answers, respectively) was nevertheless slightly lower than that found by
Grimes and Snively.

In another investigation, where percentages were tested ampent rfates and
proportions, thel-in-n forma confirmed its problematic character as it showed as the one
creating most difficulties for the performance of mathematical operations of the types that might

be encountered in discussions of risk (Cuite, Weinstein, Emmons, and Colditz, 2008). In that

'3 The risk values corresponded to the rates of Down syndrome at birth at the maternal ages of 35 and 40
years, respectively. Nevertheless, the scenario involved was that of cystiadins trisomy 21 to avoid
generation of anxiety in respondents.

16



Chapter 2

study, three waves of individuals (in total: 16,133) recruited online on a cesleded site
voluntarily took part in the research. Each wave received two experimental probkschsof
which required the performance of one out of six mathematical opeygiidavel: compare

and halve; Wave2: triple and adtfave3: tradeoff and sequencepoth expressed in one of the
three formats under study (i.e., %intn, and rate). All questions were presented as if they were
hypothetical statements pronounced by aspiign. Inmost cases, insk levels used for each
type of problem, probabilities were ah exactly equakize or nearly the same in the three
formats (e.g., 1 in 24, 4 in 100, and 4% significant main effect on performance (i.e.,
answer accuracy) wadetected for the type of format on all risk operations. Despite there was
not one single format being best for all the six operations, each of them wagr tzdeast one
operation. Thd-in-n format was significantly better than the percentage fofonahe compare
operations,but similar to the rateformat (two results bothni conflict with Grimes and
Snivelyds) . However ,gedvatrass all pematiors,stheinvre formmat a v e r a
performed worse than the other two. Indeed, the mean acaatacfor the iin-n format was

only 45%, a significantly smaller result than the one obtained for frequency (55%haartithat
obtained for percentage (57%ihe two were very similar.

Further confirmation of lgye opl ed6s di f f-in-cfarinatcarebe retievedh t he 1
also in results osemistructured interviews and correspondence with twenty women who had
contacted Support after Termination for Abnormality (SAFTA), a British registered charity
supporting parents who have foetal abnormalitiesrdiagd (Green and Statham, 1993). Among
these women, who overall reported a high degree of anxiety before and after having received
results of serurscreening for Down syndrome or amniocentesis results, at leasthgigh
difficulty in applying al1-in-n risk to their own pregnancy. The difficulty igrasping the
meaning ofl-in-n expressions has beenhowed even in a study that
preference for a combined percentage fmequency scale rather than 4nin scale (Woloshin,

Schwartz, ByramFisthhoff, and Welch, 2000). Amonavailable scales, th&in-n scalewas

judged as the hardest to be used. This last consideration, summed up with both tde prove

higher difficulty found withl-in-n formats in performing operations normally requiretiéalth

deci si ons, and with peoplebs preference for o]
suggestnedical personnel to avoid thhan-n format in risk communication.

Anyway, as documented in the first part of this section, doctors and {caadtlpréessionals

appear to make large use saichformat. Hence, an analysis of the effect that different ratio
formats expressing a probability itbelbeeomesn peopl

then of crucial importance. Studies performed, as$ agetheories that have been put forward to

“The risk val uennis edmssemetimes approfirhated so not to require harder
calculations than the other two expressions.
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accountfoi ndi vi dual s & i,wil betanatyse@dih theenexa twa sedtions of the

present chapter.
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SECTION 1.
When 10 in 100 is higherthan 1 in 10: Results in favour of neglect of

the denominabr

1.1 Explanations and experimental evidences under main theories

1.1.1 The different number of counérfactual alternatives prompted

The first research (chronologically) arguing for different evaluations of a ratio
according to the magnitude of the numbensployed at its numerator and denominator can be
considered that of Miller, Turnbull, and McFarland (1989). These authors observed a systematic
tendencyy n t heir study participants to A[...] judg
lower when tle probability is presented in the form of a ratio of smaller rather than of larger
n u mb gDesedRaj and Epstein, 1994, p. 820). Their work was based on Kahneman and
Mil |l er ( 19 8 6 )whose pidposerBadtldineed r vt h at the judgment o]
Anormalityo (i.e., the judged dewvgudeeflectatd its oc
capacity to evoke representations of similar events. In other yawdsrding to Kahneman and
Miller the easier it is for the individual to mentally simulaté t er nat i ve ways t o t
occurrence (i.e., to produce paaitcome counterfactual thinking), the less normal, namely the
less distributed, that event must be in the population of reference. Conversely, theorists foresaw
that the more difficult it$ to mentally simulate other ways in which an event could have
occurred, the more normal (i.e., likely to happen) that event must be in the population of
reference.
Interestingly, Miller, Turnbull, and McFarlanddemonstrated that this capacity to evoke
representations of similar events is influenced by the superficial format used to describe the
probability of the event. In particular, authors showed, that the magnitude of the numbers used
to express the probability of the event mattered, with smaller exsmwrompting a higher
degree of counterfactual alternatives than larger ones in the mind of the peieeyefound
that participants did judgéhe probability of a given event as more norm@herefore more
probable)whenconveyed through smaller alhsi® numbers (which as a result were judged as
less normal). In the studies, participants were required to express how suspicious they were that
the occurrence of the improbable event described in the sceeagh study examined a
different scenariohad happened by chance. Perceived suspiciousness showed to vary on the
basis of the size (smaller/larger) of the numbers used in the ratios to communicate the event
probability, despite the mathematical equivalence of these expressions. More precisety, in lin
with the normality hypothesis, participants gave higher rates of suspiciousness for the

occurrence of mimprobable event when its probability had been expressed through a ratio of
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smaller numbers than when it had been expressed through a ratio ohlanmgeers (between

subjects design). For instance, in Study 1, the scenario was,

Imagine that you have a young child who loves chocolate chip cookies. Imagine further
that you buy your cookies in packages that include oatmeal as well as chocolate cieg.cook
Your childbés practice is to go to the cookie ji
oatmeal ones to go stale. One day you think of a strategy to cope with the situation. You tell
your child to close his eyes before he reaches intgathéaking whichever cookie he grabs. He
agrees to this and heads to the kitchen and the cookie jar. The jar contains 1(10) chocolate chip
cookie(s) and 19(190) oatmeal cookies. Shortly, he comes back, exclaiming that he did just what

you said and he salted a chocolate chip cooki@Miller et al., Study 1, p. 583)

Participants expressed higher judgments of suspiciousness that the child in the scenario
had peaked when he could successfully draw one of the favourite cookies from a jtattethe
had een described as containingflthe favourite cookie (and 19 of the nopreferred type)
rather than 10of the favourite cookies (and 190 of the npreferred type), despite the
equivalence of the proportions of the preferred biscuits in the two jargltfRean be read as
showingt hat people thought that the chil dds chance
without peeking was larger in the case of the urn containing 10 desired cookies out of 200 than
in that of the urn containing 1 desiredsduit out of 20. Nevertheless, looking in detail at the
experi ment al material, it must Dbe noticed that
ratio expression (e.g., 1 out of 20) where one of the two terms (i.e., the numesat@yedhe
instances of the event occurring (1, in the example) and the other (i.e., the denominator) the total
number of possible events (e.g., 20). Rather, such evaluation had stemmed from an odd
evaluation®. Actually, out of the five studies, only three (Study 3,aéd 5) employed
experiential stimuliasking participants tevaluae a ratig while in the case of Study 1 and 2,
the comparison between the absolute instances of the event occurring (e.g., 1) and those of the
event not occurring (i.e., 19) was made exphicsalient. Thus, it could have been the case that
the mental representations elicited in the two-gudups of studies in Miller, Turnbull, and
McFarland differd- three reasons supporting this affirmation are considered here below.
First of all, the rental operation normally prompted when evaluating an odd could be a
comparison between favourable and unfavourable chances (e.g., 1 against 19); instead, that
prompted in the case of a ratio could reasonably be the comparison between the positive chance
of the event occurring and the total of cases (e.g., 1 out of 20). Secondly, the two messages

might differ in terms of the effort required to the reader to build up a comprehensive picture of

31 chocolate chip cookiise aamdod®d exaprnmesadi am.oki es
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the possible occurring outcomes and their respective chanceg dnde whi | e - i n t he
communicationdo version of the probl em, peopl e
of the coil®, i n t-cheemniumaitciaot i onodo version onlyYone of t

What these observations point at is, as Bd¥a, Epstein, and Cole (1995) have observed in

their article, t hat only the type of sti mul.i L
work can be considered as properly in line with later research on thebRetiphenomenon

(see 1.1.2). Thitlgl, some other factors could intervene to influence the degree of suspiciousness

for the unlikely event occurring that not necessarily would be involved in the probability

assessment of the magnitude of the same probability.

1.1.2 Experiential over rational system prevalence: Ratiebias literature (CEST

Theory)

Taking a start from the aim of proving experimentally the dual nature of their new
informationprocessing system theorffstein and Pacinil999), research on the -salled
fiRatio-biaseffecd  ( D &Raj arsl Epstein, 1994) has been flourishing during all the nineties
even independently from its original aims, up to the point to acquire a reason on its own.

Indeed, h e e x p rRati®ls ii avga® cdined by Dendlaj and Epstein (1994, p. 820) to

referbo t he systematic tendency to A[...] judge th
when the probability is presented in the form ¢
(for the first timedescribed byliller, Turnbull, and McFarland1989). The appearance of such

systematic tendency has later been attested with written vignettes illustrating improbable
outcomes (e.g., Alonso and Fernan&ezrocal, 2003; DeneRaj, Epstein, and Cole, 1995), but

mainly through a game of chance credmdthe specific purposes of the research (e.g., Denes

Raj et al, 1995; Kirkpatrick and Epstein, 1992; Pacini and Epstein, ‘899%hrough the game,
participantsé choice between two opthiumns was
containing ballsn two colours (e.g., some white and some red), and destaedffering a

given numerical probability of winning (or losing) associated with the withdrawal of a ball of

'8 As it will be highlighted throughout the next paragraph (i.e., 1,1t happens in many stimuli

employed in empirical studies under CEST approach.

" An additional operation is required to those people who want to figure@uttht her fsi de of t h
in other words, imagining the complementary event to that described requires the person to compute the
probability that the event will not occur, i.e. the difference between the total possibilities and those
favourableto the event whose chances had been originally described. The requirement of additional

mental operations could have significant consequences on the way the message is elaborated (depending

on, for i nstance, participant 6 fsomplie,gor the amount ofmot i vat i
available tim¢ hencethis operation coulde performed or not. This, in turn, will likeipfluence the

answer given téhetask.

'81f we exclude the only case where participants took part to the game in the laboratory (patrkkk

and Epstein, 1992, Study 3), in all other cases participants read a fictitious scenario describing the two

options in written format.
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one specific of the two colours (e.g., the red one). Alikéhose other studiesahhave been
classified as Aheuristicd probl ems (Reyna
fiheuristi® andfinonoptimab problems see the same source), urns offered the same proportion
of balls of either colour, buthey differed in the total nober of balls of each colour they
contained, with one ur nin $othe sudies) displayingaaslargerh e

number of balls than the other (the fismall o

proposed to participants, the followg scenario illustrates:

Imagine that someone is presented with two bowls of folded tickets. One bowl
contains 1 ticket marked Awinnero and 9
10 tickets marked fAwinnerd and 90 bl ank

ticket (without peeking, of course) from either bowl: if he/she draws a ticket

and

il a

on

bl a

ti

mar ked Awinnero he/ she wins $8. 00, ot her wi

game is over.

Even though the odds are identical for the two bowls, research shows that
many people hava distinct preference as to which of these bowls they would
rather draw from. Which bowl do you think most people choose in this
situation?

(Kirkpatrick and Epstein, 1992: Exp. 2, p. 539)

As it is even openly remarked in the scenario, options in tH#erooffered an identical chance
(.1) of withdrawing the target item. The rational answer would have been indifference toward

the two urns, but that answer was generally achieved only when participants answered from

their own point of viewi(e.,i s @ésfpect i veo) , or from the point

| ogi cal seplensel Closé, Sddler, and Klaczynski, 2009; Epstein and Pacini; 2000

(

<
<

2001) . I nstead, when answering from the poi n:

pe

Kirkpatrick and Epstein,992) or i n ot her wor ds-Raj,&psteifi mo s t

and Cole, 1995; Pacini and Epstein, 1:899individuals tended to express a preference for the

bowl offering a larger absolute number of winning tickeétsthe example above, the 10/100

ong®. Overall, findings supported Epstein and

perspectives always resulted in prompting a similar, mostly unbiased, answer (i.e., no
preference between the two urns) while the otperspectre made the bgoccurr(see Alonso

and FernandeBerrocal, 2003for the heuristic pair; DeneRaj et al., 1995Study 3; Epstein

c

Y“The device of eliciting peopleds choices according
studieswi t h t he explicit aim of making the dissonance

made wunder the prevalence of the rational sel f

mi r

those made under the prevalence of the actual self mirroredat her peopl ebs choices

would not feel the exigency of presenting themselves as rational, in the latter cases)
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and Pacini, 2002001, for standard instructions.e., textual without visualisation ; Kirkpatrick

and Epstein, 1992; Pacini and Epste®9%a except the lose condition in self perspective).

The interesting point is, whwould people manifest a systematic irrational tendency to prefer

the option whose probability of success is stated in ratios of larger numbers, to another option

whose prbability of success is, instead, stated in ratios of smaller numbers, despite having
understoodthe two optionsmathematical equivalence? The explanation offered by scholars

referred to the CEB (CognitiveExperiential SeTheory, Epstein, 1991, 1993, Z)Qelating

such bias to a prevalence of nfeelingsodo over
feedbackafter the task completiorguthors described the bias as resulting from the rational
understanding of the mathematic equivalence of the mgpiiio the scenarios, but at the same

time the subjective (experiential) feeling tha
favourabl e than t hos é(ed.Kskpatricktared Epsteiy, 199WLESTA s mal | o
i s the 0dual conmprelensvaedysdéveldpdd oy Epgtesnch theoryin line with
theothers&e al | ed fAdual systemd approaches in judgem
and Trope, 1999; Kahneman and Friederick, 2002; Sloman, 1996) assumed the existence of two

alternding modes of thinking, an experiential and a rationaforhe attributes of the two

system, |listed in Table 1 as reported by Epstei
operating Ain a manner t hat i s, hgistiop concrete,c i ou s,
associative, primarily nonverbal, and mini mall
2003, p . 5) for wh at concerns the experientia

conscious, analytical, effortful, relatively sloaffectfree, and highly demanding of cognitive
resourceso for what concerns the rational sys
operating in parallel and sometimes interacting, would not always be synchronous, but
occasionally would let their inhent qualities become apparent to people, who instead normally

are only aware of what appears to them to be a single process. According to authors, when the
experiential system becomes robustly engaged and prevails on the rational one (either because

the ldater did not intervene to correct possible dissonant tendencies, or because, despite
intervening, the appropriate rule to the situation had been bypassed, or instead could not be
retrieved), Ratiebias would occur. A more detailed description of the pplesi determining the

irrational tendency is contained in the section above.

% Indeed, authors (e.g., Pacini and Epstein, 189€onsidered that commonly experienced contradictory
sensation whose arousalspontaneous and hard to contrast as a clear evidence for the existence of the
two distinct ways of informationprocessing inside the same person hypothesisetr CEST (i.e.,
experiential and rational ways of informatiprocessing)

2 Contrary to tle mainstream trend in dual theories considering the rational system as more advanced
than the experiential one, and similarly to FuZzgce Theory (see, e.g., Reyna and Brainerd, 2008),
under CEST the experiential system had been described as havindhrdomger evolutionary history

than the rational system, and as such as not essentially flawed (see, inste@haékgn and Trope,
1999,KahnemarandFrederick, 2002; Sloman, 1996).
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Table 1
Comparison of the experiential andational systenattributes(Epstein, 2003)

Experiential system Rational system
1. Holistic responding 1. Analytic responding
2. Automatic, effortless processing 2. Intentional, effortful processing

3. Affective processing: Pleasure or pain- 3. Logical processing: Reasoworiented (what is
oriented (what feels good or bad) rational)

4. Associative connections 4. Logical connectiors

5. Encoding of reality in concrete images, 5. Encoding of reality in abstract symbols,
metaphors, and narratives words, and numbers

6. More rapid processing: Oriented toward 6. Slower processing: Oriented toward delayed
immediate action action

7. Slower, more difficult changes: Changes with 7. More rapid, easier changes: Changes witt
repetitive or intense experience strength of argument and new evidence

8. More crudely differentiated constructs: 8. More highly differentiated constructs
Broad generalization gradient, stereotypical
thinking

9. More crudely integrated and less coherent 9. More highly integrated and coherent
networks: Dissociative, emotional complexes;  networks: Context-general principles
contextspecific processing

10. Passie and preconscious experience o 10. Active and conscious experience of events

events: We are seized by our emotions We are in control of our thoughts
11. Selfevi dent val i di ty: 11.Need ofjustification via logic and evidece
believingo

Features of the experiential system causing Ratioias

DenesRaj, Epstein, and Cole (1995) explained the bias as due to two attributes of the
experienti al system, i . e.., t-hhe miecromcefet evedo;pr i
facet, thefiaf f i r mptriesent ati on principleo, was furt
explanation to account for peopleds choice beh
(Pacini and Epstein, 1999. For what concemit he f i r st pri nc{pp3D7,, i n au
Al é] the experiential system encodes and bette
single numbers are more concréteth an r el at i ons Thug tthe emaeretive u mb e r s (
principle would be responsi bereinfliemced bpabsolptt e 6 s st |
numbers rather than by ratios, because of their more concretive nature (congruent with the
concrete way in which experiential system would represent information).fades isin line

with what foreseen byhe numerosity heurisc (Pelham, Sumarta, and Myakovsky, 1994),
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according to which people attribute a judgment of quaityprobability) to a stimulus on the

basis of the number of units into which the stimulus is divided, without completely taking into

account determinanariables like the size of the units. In the case of Rate, the tendency to

focus on absolute numbers rather than ratios could have lead participants to perceive the
probability as higher when presented in larger rather than smaller numbers, iasiatslwould

concentrate mainly on numeratgi® > 1) without taking enough account of the reference
population out of which their value is expres§e@o, 10)

In the second principle posited by scholars (i.e., the smatibers effectit is assumedhat the

experiential system comprehends seratiumbers better than larger ones, becauseadimef

are more concrete than tladter,in the sense they are easier to visualize, a conventional test of
concreteness (Paivio, 1998dvocates of the CEST exmiation(e.g.,Pinto-Prades, Martinez

Peez, and AbellaPerpifian, 2006had been again calldde | ham and ot hers (199
upon as proofs in favour of the fact that probability conveyed in (comparatively) smaller
numbers would be easier to interptiean that in (comparatively) larger numhers such a
experimentparticipants were required to express their prefereforesne out of two lotteries:

onewhere allindividuals receiveane ticket oronein which allindividualsreceived 10 tickets.

Ressl ts indicated that people had a preference
receival 10 tickets) if they were told the number of participants was 1 million, but they did not

show preferences for either lottery if the number of participantsuleeg communicated was

only two peopl e. It appeared as when the | otte
(could) better realize that t hePraddsatmlg 2086, ar e t h
p. 120).

For what concerned the third pciple of the experiential system responsible for Rbits,
instead, somectual evidencesexist in support of theira u t hexplagadion.That principle
would explicate peoplebs behaviour in those si
the possibility to lose some money association to the withdrawal afred jellybean, in the
case of the game of chancé).such instancesuthors affirmedthat people would normally
reverse their fous of attention compared with thasiguatiors involving a positive outcomen
the study of Kirkpatrick and Epstein (1992), a large number of participants reading a scenario
entailing lossesindeed reported to have focused on the desirable white jellybeans rather than
on the undesirable red ones duringdleeisional process. Authors claimed this shift of attention
would happen for in general affirmation is more concrete than negétipné ] t he experi el
system can more easily encode positive representations (e.g. drawing a desirable white
jellybean) tha negative ones (e.g., not drawing an u
Epstein, 1994, p. 310).

Furthermore, Pacini and Epstein also suggested and tested a supplementary effect (i.e.,

ifithe expearvnhgabrinci pl e ¢jydgeuhie humbrical probabilitye s p e o p
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of events occurrence from the representations encoded in the experiential s)etesty

generalisations from past emotionally significant experiences (Kirkpatrick and Epstein, 1992).

For instance, authors argued, that beedlife is full of experiences in whicwhen facing the
probability of #A1 in a | arge number o of a gi ve
statistics on winnings at the lottery), people might have learned to cléssityorresponding

expres®ns as conveying the probability of an event that rarekgdplace. Hencepeople

would judge the probability inmei 1 i n X6 for mat (where X is a su
smaller than the equivalent one conveyed in ratios of larger numbers {oemad not making

use of small numbers like 1 in the numerator). This principle is of particular relevance for the

empirical work that will be illustrated in the present dissertation, hence it will receive further

attention, especially in the conclusiveapter.

The mechanisms through which the three principles illustrated would interacoduce the

Ratio-bias effect have beaxucidated with clarity under the CEST theamdwill be reviewed

in the following section.

Outcome valence, probability valie, and effect intensity

The two main latent facets of the experiential system (i.e., the concretive principle and the
smalknumber effecthave been described by authassalways operating conjunctively, but at
the same time their visible responsesdepicted asletermined by their net effect (Pacini and
Epstein, 1999). In particular, when related to a positive outcome (e.g., winning something),
for low probabilities (e.g., 10%) both principles would work in the same direction inducing
people to favar the large urn over the small one, as in the former target items have a
numerosity advantaga the large urni.e., a greater numbef winning balls is containeglus
coherently with the small number effect, the associated probability format wougyctess
clearly for the experiential system the idea of a low probability than the one associated to the
small urn. On the contrary, for high probabilities (e.g., 90%), the two facets would pull in
opposite directions, with the large urn favoured by thamerosity principle, while the
description of the small unmore clearly transmitting the idea of a high probability of the event
occurrence (Pacini and Epstein, 1999 When related to a negative outcome (e.g. losing
something), the effect would reveyse line with the shifted focus of attention (i.e., the risk of
drawing a jellybean of the undesired colour equals to the complementary probability of drawing
a jellybean of the desired colour), thus determining a weak bias in favour of selecting ¢he larg
urn when the event probability is low (e.g., 10%), and a strong-Batsoeffect when the event
probability is high (e.g., 90 %) . These assumpt
experimental study (Pacini and Epstein, 1:89%hat adopted thern and balls game of chance,
with participants assigned either to a positive (win) or to a negative (lose) condition, and the

probability of withdrawing a red ball (380-50-70-90%) was varied withisubjects. As an

26



Chapter 2

exampl e, the 30% derarcahdition iwhich tleege dre 30% Ced jellybeans

in both trays. That is, there are 3 red jellybeans and 7 white jellybeans in the small tray, and
there are 30 red jellybeans and 70 white jelly
a, p. 34). Participants asked from which tray they (and most people) would prefer to select a
jellybean (smalllarge/no preference) generally confirmed the bias in otperspective, with

the relationship between probability magnitude and size of the effgetsented by a negative

linear trend in win conditions. Ratlmias effect was significant for probability values of 10, 30

and 50%. A positive linear trend was found, instead, in lose conditions-Ragi@ffect was

significant for probability values @0, 70, and 90%. Despite from a spdfrspective the effect

showed the same trend, di fferences in peopl eds
most probability levels in win conditions, but they did reach it in lose conditions, with a
significant preference for the option stated through ratios of large numbers for probability

values of 50, 70, and 90% (Pacini and Epstein, 4999

1.1.3 Denominator neglect as an inclusion illusion: Fuzzyace theory
The paternity of th discovery of thoseehdencieghat like Ratiebias are due to a
neglect of the denominator, has -beeocoeopaeppyoatdl

i T h e -biasaphdnamenon is a rediscovery of the same phenomenon that occupied researchers

in the probability judjme nt | it erature beginning in the 1970«
l'iterature, see Reyna and Brainerd, 1994) 0 (
phenomenon, g edenemiratoringgledad’uréfdrsetal in Hkan, Garcletamero,

Cokely, and Maldonado (in press, p . 6)6s words, fi

to numerators in ratios (i.e. the number of times a target event has happened) and insufficient
attention to denominators (i.e. the overall opportunities for it to lmgfpeyna, 2004; Reyna &
Brainerd, 2008) o.

Similarly to CEST (and other duplocess thories), Fuzzyirace Theory ofeasoning,
or the ANew Intuitionismd as its founders have
and Brainerd, 1995) postulatedtixistence of two parallel modes of representing infornfation
about the world in memoryamely a vague qualitative intuitive giblased one and a detailed
quantitative verbatim one. Under this approach, though, it is further maintained that people have
a preference for reasoning and performing decisions on the basis of the vague gist of

information even in those cases in which verbatim (e.g., quantitative) detail of the i

20r Anumerosity eRbyhaandBoainerds(2068uh e d by

% |In oppositon with most dual theories oéasoning andecision naking, but similarly to CEST theory,
intuitive thinking is generally consideres) more advanced than rational thinking under this approach,
andb) more typical of adult age than of cHildod, andc) characteristic of experts rather than novices
(Reyna and Brainerd, 199
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remembered. More precisely, individuals would normally favour to operate aslyclas

possible on categorical gistamely on the least precise representation that can be used to

accomplish the task at hand. The | ogic of t hi

nature A[é] from an evol ut inotasksrreguirgs®nlysaguezgt i v e,

representation®6) Wol heeed 99&s Wol fe pr®ci sed,

discriminate differing quantities, and can act on those discriminations, it does not follow that

problems are invariably solved by pcessing i nformation at t he hi

(Wolfe, 1995, p. 86). According to authors under this approach, the explanation ebidatio

would reside exactly on the fuzzy processing preference just describedbRatiwould be

nothing elseghan a reasoning error occurring from the wrong comparison of numerical parts to

numerical wholes (Brainerd and Reyna, 1990; Reyna, 1991), likewise the other problems

defined as fii ncl usgdtemegledt, thé eosjunaion and digjuaatfglacy, b as e

or overestimation of small probabilities). Indeed, Reyna (quoted in Barbey and Sloman, 2007, p.

258) observed that Aprobl ems didimengioma strictures, usi on

with one dimension (the subsaibset) being salier#nd easy to process and the other (the

subses uperordinate set), which is cruci al to sol

would be a product of the structure of i nfor

mentioned in the question, the suprdinate set recedes, and the question appears to involve

nothing more than...asubsetu bs et compari son. 0 Because of the

AfSubsets disappear whenever the mind focuses o

setdismppears whenever the mind focuses on the sub
In the original version of the prototypical

Pi a g e t-idclusioo prebkem, see Piaget and Inhelder, 1951/1975), children untij¢hefa

ten (and adults in some cases) offered a display of seven cows and three horses and asked to

report whether there were more cows or more aniimatbe display generally erroneously

indicated cows as more numerous. Those authors supporting the-Tkazey Theory of

reasoning maintained the effect being created b

keeping confusion rather than a fundament al f

Brainerd, 2008, p. 95). Th new view contrasted with both ah theorist of information

processing had been arguing (ithatpeopl eds di fficulty resides ir

memory limitations), and with what Piaget and +Ragetians had been claimirgpout

chil drends r eas ofrei thistypesok errbrd veoulcbbe dut to a ladk af sogical

competence). Indeed, findings have been brought which demonstrated, that children are able of

grasping both the roles of numerator and denominator, and can perform a combinbtdn of

information inprobbi | i ty judgments (e.g., Acredgl o, o6

Offenbach, Gruen, and Caskey, 1984, cited in Reyna and Brainerd, 2008); therefore, the logical

deficit hypothesis could be discharged. On the other hanedfsof an absolute indepenadey
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of the occurrence of the bias from memory capacity both in adults and in children (Brainerd and

Knigma, 1985) made it possible to reject the memory dimension claim.

Some empirical evdences in FuzzyTrace theory: Developmental studies

FuzzyTrace Thery was informed to a great extent by developmental studies on
probability judgment. Three of such studies will be described here.
In the study by Fischbein, Pampu, and Manzat (1970), six out of the eighteen trials employed
involved the comparison betwe@ptions whose probabilities were equivalent despite being
expressed by means of numerators and denominators of different magnitudes. Participants (i.e.,
preschooler children) were presented with two
and nontarget). The proportions of target and rtarget balls was the same for both sets, but
the overall quantity of balls differed in the two cases, with one set having a higher numeraosity
than the other. This game of chance is very similar to CEST gamamdehParticipants had to
indicate which option (set) they believed offered the greatest chance of drawing a marble of the
target colour. Sets could ei tIRpFlvhe2,Resmpar ati v
2/ 1) or Al ar gevos . ( 4128/ 4v,s .8/ 24/ 4v;s .6 /42/ 2) . Aut hor s
performance in Ratibiastype pairs (same probability in the options) with thatha other
pairs (different probability in the options): results indicated a higher number of uncorrected
answerqi.e., below average) in the Ratiiastype pairs than in the others. Such higher degree
of errors was explained in terms of the perceptual difference between the two boxes in the
Ratio-biastype pairs, one of which offered more target instances thaothieg (in absolute
terms§’. Probably, participants instinctively draw a representation of the prodtémto the
following: Aiurn A contains more winning balls than wu
choice of the larger urn (A), in line with the Rabias effect.

The second study informing FuzZyace Theory that is described here (i.e., Acredolo,
O' Connor, Banks, and Horobin, 1989), originated in the consideration that Hoemann and Ross
(1982)6 attribution to mécesbad toegpearformtorrect fracdkook of t
calculations before the formal operation period could instead be the result of the methodology
used by authors to assess those abilities. Suc
paradi gmo ( 1tédlin askng Bh)ldren to choase between one out of two jars
containing a mixture of target and nontarget items on the basis of the best chance of getting a
target item on a random dr aw. I n Acredol o and

incapalh e of detecting chil drenés accur at e empl o

4 Neverthelesstesults of this study should be taken with caution remembering that they were obtained

under three rather different conditions. For instance, in onetkad@ree possible answers, i.e. left box,

right box, or same chance in either boxes, wereeand t he parti ci pantés perforr
after each trial; in another case, the necessity to estimate the chance of winning by relying on something

else than the number of target cases was emphasized.
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discouraged the use of such abilities while instead prompting alternative decision rules, like
simply comparing relative numerators. When a different methodology was adopted, i.e
Ander sonds Functional measur ement procedure or
1980), Acredolo and colleagues could show that children in fact possess the capacity to
integrate two relevant stimulus dimensions in order to evaluate a tierdTdat methodology,
originally used by its developer for other purposes, was adapted to demonstrate that even
concrete operational children have an excellent quantitative grasp of the roles of numerators and
denominators (and the way they should combing)robability judgments. More precisely, in

the first studypresented byAcredolo and colleagues, children had to estimate on a simple visual
nonnumeric scale the probability of drawing a target jellybean from a bag containing either 1,

2, or 3 jellybeas of that colour and a total of 6, 8 or 10 jellybeans (they were exposed to each of
the combinations of numerator and denominator across three replica). Results returned correctly
ordered distribution of estimates by participants, demonstrating thaterhiidok into account

both variations in the numerators and in the denominafiovei t h denomi nat or s hel
higher estimates were assigned as the number of target items increased, and with numerators
held constant, lower estimates were assignedhastdtal number of items increased. An
appropriate multiplicative integration of <cues
1989, pp. 93®37). Nevertheless, children demonstrated to be more influenced by variations in
numerator than by variains in denominator. Such result could be nonetheless attributed to the
nature of the task, given that numerator changes had been made very salient relative to changes
in denominator. Therefore, a second study was ideated to correct for possible propléins, b
giving equal salience to numerators and denominators, i.e., making them vary randomly across
trials; 2) offering a larger selection of numerators and denominatorssvasuaat more critical

cases wre present in which the ratwith larger numeratohad actually a lower probability (in

this cases, the absence of errors would have confirmed that children were influenced by both
numerator and denominator). In the compatéministered task, displays of planters were
presented containing (2, 3, 4, or fljwerpots and(6, 8, or 10) pots in total; children had to
assess the probability of a bug falling on a pot containing a flower. The evaluated probability
was expressed on a continuous visual scale similarly to the first study. Results confirmed that
children responded to changes in both numerator and denominator, showing even a more
appropriate weight of both values than in the previous experiment: the majority of participants
integrated those quantities at least additively, with a large number of them ev

multiplicatively?”>.

“Anal yzing childrenbés performance on those displ ays
probabilities were equivalent () shows higher probability in two out of the three casestatker for

5/10 than for 3/6t(59) = 2.35,p < .05), and for 4/8atherthan for 3/6 {(59) = 2.60,p < .05), but not for

5/10 than for 4/8(.s). In these types of displays, whose paired comparisons are similar to the between
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A further demonstration that children hold the capacities to assess probabilities
considering both values at the numerator and at the denominator in an exact way (despite
sometimes not showing those capacities in their performarae)den provided in the
unpublished study by Callahan (1989). Author employed grouped trials afftwioe problems
presented in a computer task: young participants had to decide from which of two buckets
holding different quantities of two visually diffemt types of balls (i.e., target and nontarget)
they wanted to select in order to obtain the best chance of drawing a target (i.e., winning) ball.

Aut hor proved that the majority of younger chi
words eMdshter Wianniier so strategy (i .e., they cons
bucket, and selected the bucket offering the higheanber of those independentisoin the
proportion of winner to | oser balls) the a AFewv
winner balls in each bucket and selected the one offering the lower number of those, a result

difficult to explain). Therefore, children tended to focus on what could be considered the

relevant part of the information displayed to them, i.e., theevatuhe numerator of the ratio.
Nevertheless, the strategy sophistication was related to age with older children displaying less
confusion and using (correct) proportional reasoning to a greater degree than younger ones. This
finding ab o udncyctoHdcds drrtieenvd@ue attthe nudherator is completely in line

with the concept of denominator neglect mentioned above for Huzne Theory.

Robust denominator neglect in the evaluation of healthelated outcomes
(Yamagishi, 1997a)
FuzzyTrace Theoy has been argued as explaining also Yamagishi (4997 s r esul t s.
Yamagishi studied probabilitperception of health outcomexpressed through frequencies
with the purpose of investigating an implication from the results of other two studies he
performal in 1994 (Yamagishi, 1994, -b). In the experiment of 199&, participants were
asked to evaluate the mortality rates of vkelbwn causes of death (see Yamagishi, 189948)
expressed in frequencies, varying both the magnitude of the population Range( Wide, out
of 10,000; or Narrow, out of 100) and the percentage incidence rate (Frequency: Smaller or
Larger) withinsubjects. The four conditions resulting from the experimental desigril
negative events expressed in SW (Smaller frequency Veiuge, e.g., 1,286 in 10,000), LW
(Larger frequency Wide Range, e.g., 2,414 per 10,000 people), SN (Smaller frequency Narrow
range, e.g., 12, 86 in 100), and LN (Larger frequency Narrow Range, e.g. 24, 14 in 100)
formats were accessed in four separatesike®s 7 days apart one from the other.
Results showed that ratings of rpoird kiker{staltow r i s k

whose extr emes wer e | abel |l ed as Aino ri sk at

presentation of RatiBias prollems in single evaluation, reliance on the magnitude of numerators to
estimate probabilities is detected as more prevalent than in others displays.
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systematically greater in LW than 8\W conditions, that in turn were greater than those in LN
conditions, to end with the lowest evaluations for ratios of SN conditidms.phenomenon
appeared to be robust as was present across mortality causes (p < 0.05, for 7 out of 11 causes)
see Tabl@. When performing separate pair wise comparisons, in many cases the irrationality of
participantsdé judgments resulted surprising wh
view. For example, it appeared that cancer was rated as riskierwhentescd as dAki | | i ng
out of 10,000 peopledo than as Akilling 24.14 o1
fact exactly half as big as the second one.

Yamagishi é s findings, in I'ine with a total
by the author with the combination of two cognitive mechanisms, i.e., the concurrent sensitivity
to the rote frequency and the insensitivity to the total number expressed in the magnitude of the
popul ation fr ame, as mani mesat &t iaenrdst édbfae@d rech or
respectively. As a consequence of the first tendency, people would start their assessment with a
given reference point (i.e., anchor) suggested by the formulation of the problem (i.e., plausibly
the integer number of deathshd would then adjust its evaluation until a plausible estimate is
reached. However, the adjustment would tend to be insufficremhély, not to take enough
count of the denominator) because of its effortful nature, thus would stop once a plausible
soluion is found (Epley and Gilovich, 2006). Instead, as a consequence of the second tendency,
ie,base ate neglect (Khaneman and Tversky, 1973),
information about population statistics [reference statistics] amelaidver utilize other salient
i nformation [the number of deat hs per year ] (
1997a, p. 497; information in squared brackets by the writer).

As claimed by Pricand Matthews (2009, p. 445) thessuls could bealsoascribed to
Aithe amount of attention drawn to the denomina
(p.445) . I ndeed it has t o bparticipants eate irtffonmeed aboun Y a ma g
the denominator (or base rate) at the beginninthefsession only. The instructions read as
foll ows, fiShown below is a | ist of causes of d
die of the particular cause is estimated. The estimation is the number of deaths per 100 people in
the public every ya r . For each cause, pl ease rate how ri s
Reyna and Brainerd (e.g., 2008yhen including the members of a smaller category (e.g.,
people expected to die) in a larger category (e.g., people exposed to a diseasegndlyinher
difficult, the numeratomwould be easily rememberednd processed, while the denominator
wouldbenegl ect ed. The | ack of repetition of the d
affected participantsd judgieeeffeck, gi ving rise t
Finally, the last feature of the study making an extension of its results hard for the case at study
in the present thesis (i.e., Down syndrome), is the absence of a weight for the possible influence

of the severity of the cause on probapilitvaluation, a feature that will instead be controlled in
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partidpants to the different lethal events.

Table 2

Mean perceived probability for the 11 death causes according to each of the 4 within

subjects exp. conditions in Yamagishi (194

es

presented

Chapter 2

i n

Ratio condition

Death causes Lw SW LN SN F

Asthma 459[/10,000] 87[/10,000] 4.59[/100] 0.87[/100]
5.62 3.95 3.00 3.13 12.37%+*

Bronchitis 524[/10,000] 107[/10,000] 5.24[/100] 1.07[/100]
6.52 4.90 3.63 3.60 14.04%*=

Cancer 2,414[/10,000] 1,286[/10,000] 24.14[/100] 12.86[/100]
12.21 10.79 8.69 8.19 14.66**

Heart diseases 2,394[/10,000] 1,512[/10,000] 23.94[/100] 15.12[/100]
11.75 11.35 8.33 8.31 13.90***

HIV 1,255[/10,000] 735[/10,000] 12.55[/100] 7.35[/100]
10.02 9.35 7.33 6.73 13.12%**

Homicide 1,373[/10,000] 487[/10,000] 13.73[/100] 4.87[/100]
10.23 7.25 6.69 6.13 18.80***

Influenza 585[/10,000]  141[/10,000] 5.85[/100] 1.41[/100]
6.02 4.77 3.44 3.33 10.38***

MVA 1,798[/10,000] 893[/10,000] 17.98[/100] 8.93[/100]
10.81 8.37 7.88 7.81 8.69***

Pneumonia  755[/10,000]  196[/10,000]  7.55[/100]  1.96[/100]
6.44 4.33 3.90 3.85 14 17%*

Suicide 930[/10,000] 376[/10,000] 9.30[/100] 3.76[/100]
7.15 5.65 4.85 4.61 10.19***

Tuberculosis 590[/10,000] 157[/10,000] 5.90[/100] 1.57[/100]
5.60 4.12 3.58 3.77 8.07**

** p=001, **p=.05
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Denominator neglect in the evaluabn of safety in oral contraceptive use (Halpern,
Blackman, and Salzman, 1989)

A further study supporting denominatoeglect isthat of Halpern, Blackman, and
Salzman (1989). They investigated probability perception of aeffdet associated with oral
contraceptive use (i.e., death due to a circulatory disofilex b n o r ma | bl ood cl ottt
attack, and stroke due Thepumérieakriskonas pneaegteddn sixi bi d. |,
different formats betweesubjects: four basmte information forrats i ) frequencies (
12,000 dieo), (ii) natural frequencies framed
not dieo), (iii) nat ur al frequencies framed in
percentages ( Ao f0 0d® Bakeh tgaredativa ibforrhaitian jormatgv) relative
ratio (A4.15 times greater risk of deatho) anec
deat ho) . Al | dncquivaentaumedcal iffoematerdFormats differed goart
from in being either positively onegatively framegdalso in that the last two (compared to the
other four) did not convey basate information. In other words, for the last two it was not
possible to calculate the expected frequency of occurrence of thedeaenibed. Participants
were asked to express the probability of the-siifiect occurring relative to the probability of
11 other events (e.g., dying of the flu, getting divorced, bus collision with a train, having an
appendectomy) on-goint Likert sch es whose extremes where fdeat

di sorder much |l ess |ikely than this oned and
than this onebo. Researchers supposed 1) hat peo
evaluatihnga baseat e i nformation for mat, given that it

useful because consumers have no-fiestd experience with basates of this magnitude as

they cannot detect the incidence of such-ppwobabi |l ity eventsml (Hal pe
Salzman, 1989, p. 253), a@)lin assessing a relative information format, due to its intrinsically

ambi guous natur e. Due to those reasons, t hey
assessments would be determined by the absolute size of the npirebented the only
interpretable information | eft when you disreg
and Salzman, 1989, @53). In other words, they expected that, not differently from what had

been described in Yamagishi (198, people wold have put in execution a rule of thumb

according to which 1) they woultlave ignored the format in which the numerator was

embedded, and 2) they wouldhve simply estimatd its magnitude in a fuzzy way (i.e., a

classification of the kind of, for instaac, Asmal |l 6 for numbers | ower t
numbers higher than several hundred) . Resul ts
the baseate information was given, events were systematically perceived as less probable than

when such iformation was not given (i.e., in the case of a relative format); moreover, 2) people

ignored the difference between the two relative formats, focusing as expected on the absolute

magnitude of the numbers (415 > 4,15). Both findings went in the diredt@meglect of the
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information contained (explicitly or implicitly) in the denominator. Nevertheless, the specific
hypothesis formulated on the evaluations of two of the formats, i.e., i) and iii) that are expressed

in ratiobetween smaller and larger nuenb(the hypothesisread, Because di fferences
very large numbers are difficult to comprehend, respondents attend to the more meaningful and
smaller foreground numbers in assessing safety. Thus, when confronted with risk information in

the fX¥rmat &6f Y occurrences?o, respondents wil/l
and more salient X on foreground number and will tend to ignore Y, the large background

n u mb-dHalgern et al.,, 1989, p. 254yas not confirmed. No significant difference time

perception was detected for 1 in 12,000 and 8, 3 in 100,000. Thus, there was no specific
confirmation of the denominator neglect in these two experimental conditions.

Unfortunately, results are not directly applicable to the comeamined in the peent thesis,

as, indeed, articipantswere not required an absolute evaluation of the probability of the side

effect occurrence, rather an assessment relatiheio evaluation of other (eleven) death

causes. This meaning, that since the evaluationabf gther dedit causes had not been assessed

(and indeed it is expected to show wide variance among partigipadatadid notallow a direct

compari son between i ndi visdfsimlasniagndudesas s fachent s o f
each of them refert® a different (not weighted) comparison.
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1.2 Other Interpretations

1.2.1 Pseudanmultiplicity: Perceived Diversity Heuristics

A different expl an af(nipasitive aomainfoetieemptiendveosep r ef er e
probability is stated by means of dioabetween larger rather than smaller numbers, has been
given under a theoretical framework called Perceived Diversity Heuristics (PDH, Ayal and
Zakay, 2009). The primary interest of such an approach was that of offering an explanation for
the advantagesunaif behaviour showed hydividuals when evaluang the risk of a pool of
goods.Indeed, in most of the cases, thegy o v e t dalesfitthavingmocor(science of it) a
specific normative way to decrease the risk associated with groups of eventgytalisg an
intuitive wunderstanding of Aportfolio theoryo
theory is a formal account advising investors to reduce the risk connected with their action by
means of diversifying the sources of investment troughcttmbination of different stocks in
the same portfolioin such a way, indeethis way a poor performance in one field can be offset
by better performance in others.

Ayal and Zakay argued, that in their actual behaviour people attempt to implement
portfdd i o t heory. However, beside these so called
in which the activation of the Perceived Diversity Heuristics would be justified because it
corresponds to a real diversity, pseyidths can also be present. White first group of paths
(the normative ones) leads to an adaptive judgment of risk reduction, the second group (pseudo
paths) leads to a pseuddiversification bias (see belowlPseudepaths are created by the
identification of dimensions (i.e., pseudistinctiveness and/ or pseudultiplicity) which do
not affect the measures of distributions of prospective outcomes that dexekens should
compare, i.e., the actual variance or the expected utility of the pool. Perceived distinctiveness
(which can benfluenced by multiple dimensions, e. g., the degree of similarity or the physical
distance among the sources), regards the degree to which goods in the pool are perceived to be
different one form another, while perceived multiplicity (which can be méatiadl
guantitatively), regards the number of sources of the pool.

Under PDH, pseudediversification is deemed as the cause of Rbias (see the
parallelism with the ancept of numerosity heuristic iRelham, Sumarta, and Myakovsky,

1994) In games of chince, people would choose the larger of two urns offering the same
probability of success becaue numerator in the ratio would be erroneously perceived as a

source of greater multiplicity (i.e., a range of psedde@rse sources) when such probabiigy

expressed in (comparatively) largether than smalletumbersDue t o t hi s +eason,
bias could therefore be reinterpreted as an illusion of risk reduction that leads to-pseudo
diversity biaso (Ayal and Zakay, 2009, p. 560).
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Study 1C is thenly study in the paper employing a problem that is somehow comparable to the

classic game of chance of CEST. Three scenarios described a highly, a moderate, and a non
diversified lottery offering possibility/ies of winning a single car or more tharcan@yal and

Zakay, 2009) . Lottery A (the Ahighly diversifi
cars (4 Volvo S0s, 3 Toyota Corollas, 3 Honda Civics) will be raffled among 100,000
costumer so; Lottery B (thes fdmeosdcerriabteed ya sd ifvoelrlsoiw
cars (10 Vovo 80s) wi | | be raffled among 100,000 <cost
(the Anondiversified | ot Bs)wildeg rafiee arbng 1HOD0 pr i z e
costumer s. 0 D e sepoiteries (i.¢.,vBandcCJ welte kqaiivalerit froen a normative

point of view because they offered the same outcome (i.e., the possibility of winning a Volvo S

80 car) with the same probability (0.1), they differed in the superficial presentstitire

probaility in two respects, namely 1) the format of the ratio expressimgd 2) the degree of

elicited diversity.

For what concerned the first point, one probability was stated using a ratio employing larger
number s (i .e., 10 i O 1hCed,eCadd,er dpr whi degda hkeotott
empl oying smaller numbers (i .e., 1 in 10,000, (
point, the large lottery offered 10 possible prizes (10 Volv80Y while the small one only 1
(pseudemultiplicity), despite in fact from the scenario description it seemed that the draw was a

oneoff event instead than a multiple event.

Two conditions were tested within-subjecs condition (253 participants) and beetween

subjects condition (143 participants).the withinsubjects conditioneach participant read the

description of two out of three lotteries, and had to decide how to allocate 100 points between
them. In the fAmultiplicity versiono, participa

modeately diversified pool and the nondiversified pool (i.e., Lottery B vs. Lottery C). In the

Adi stinctiveness versionbo, participants had to
and the moderately diversified pool (i.e., Lottery A vs. Lott@ry . Finally, in the
plus distinctiveness versiono, participants hacd

pool and the nondiversified pool (i.e., Lottery A vs. Lottery C). Instead, in the between
condition people saw only one tife three lottery descriptions (i.e., Lottery A, B, or C), and
were asked to state the maximum amount of money that they would agree to pay as a
registration fee for the lotte®y/

Results of the withirsubjects condition analysis on 232 participants @dothat 58% of
those participants assigned to the questionnaire including B and C lotteries showed indifference

between them, as ghould be expected if peoplehawe rationally. Notwithstanding, when

% As a control measure, participants were then asked to rank order the three cars of the highly diversified
lottery (Volvo S80, Toyota Corolla, Honda Civic) according to their price, from the most expensive to
the least expensive, both in withiand betweersubjects conditions.
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analyzing the remai ni hoge egpaessing epreference fer dne afthe we r s
two lotteries) there was a significant difference betweenagonity (33.3%) preferring the
lottery offering the greater absolute number of winning instances (ieeB tottery), and a
small percentage of the(@%) peferring the nondiversified Cdttery. The difference between

the two preference groups was significant in the PDH predicted direcfi¢h) = 10.94,p <

.01.

Results of this version and the magnitude of the diversification preferences presentid direct
replicaed the Ratiebias reported by Epstein and colleagues (Kirkpatrick and Epstein, 1992),
because people attributed higher potatshe lottery offering a winning probability expressed
with larger numbersi.e., Lottery B, offeringlO prizes in 100,0Q@han to that expressed with
lower numbers i.e., Lottery C, offeringl prize in 10,000 Nevertheless, an alternative
possibility could be that the highenumbered optiorwas interpreted as actualbffering a
higher number of prizes than the smalembered option.

For what concerned the betweeru bj ect s data, analysis on the
the Willingness To Take pa(WTT) on the lottery showed the highest price for the highly
diversified Lottery A, followed by bttery B and then biottery C, in line with the degree of
diversificatiorf’.

Through their studies, authors demonstrated that people do exhibit a dipezgifyence in
gain conditions but a diversity aversion in conditions of loss. In other words, diversification
would operate in synchrony with the framing effect. More precisely, under conditions of gain,
people would tend to diversify because it redubesrisk of outcomes and ensures that at least
some resources will be fruitful (i.e., increasing the probability of at least one gain, see also Kahn
and Lehmann, 1991). On the other hand, under conditions of loss, penpteprefer to avoid
diversificatim, as theybeliewe that such a strategyould enalbe them to escape losing at all. On

the contrary, we know that in fagdiversification caractually protect from extreme losses.

1.2.2 Exemplar availability: Exemplar -cuing theory

Exemplarcuing theory caii é &ccount for ratiebias, though it does not require a comparison between
options that differ in the absolute number of ways a favourable outcome can occur. Instead, exemplar cuing requires
only consideration of whet h etively availahieprégardlesoof themdtualeumbey wi nner s ¢
of ways that winners might appear.
(Koehler and Macchi, 2004, p. 541)

27 A limitation of these measurements consistethe large deviations from the ae SD, = 11.38;SD, =

5.64; SD; = 8.25) obtained on the WTT that are due to task assignmexperimenters did not fix a
minimummaximum amount of money that could be offered by participants, thus fostering largely

different sums. Also, since demograph@riables like income are not specified in the study, it is not

possible to get an adjustment of those WTT measures according to the value attributed to money by the
single persons, thus making it har dioflintention.at measur
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Despite Exemplacuing theory (Koehler, 1997, 20@1 2001b; Koehler and Macchi,
2004) has been proposed in the contest of legasidecmaking to explain when and why legal
jurors are persuaded by DNA match statistitssauthors claimed it could be applied to other
domains to explain how people think about {pmwbability events For instanceto give an
account of the Ratibias ptenomenon (Koehler and Macchi, 2004). The theory predicts that the
description of an unlikely coincidental outcome will be valued differently depending on the
descriptionbs ability to cue similar exampl es.
DNA match (and, by extension, other forensic match evidence) depends on the ease with which
triers of fact can imagine examples of others who would also match the DNA profile. When
triers of fact find it hard to imagine examples of others who might matchhagce, the
evidence will be treated as compelling proof that the matching suspect is the source of the

recovered DNA evidence. But when such matches are easier to imagine, the evidence will seem

|l ess compellingp®. (Koehler, 2001

Authors developepr eci se mat hemati cal rul es governi
eval uative behaviour. AThe -pwlkeabilgyeventsdssicpad,aon mak ¢
function of whether they can easily gederate o

Macchi, 2004, p. 540), namelg,functionofi e x e mp | ar avai | abwdrkiint y o . The
aninversely proportionalvay to the convincing value of the evidence, titusould stand as an

indicator of the subjective weight that people attach to lowbgbility events.Exemplar

availability would depend on both the referemtass size (the target, either single or multiple)

and the rareness of the event under exam, which interact in a significafft ey

mechani sms, i . e.., tuhnee r farmwlr toi pmeicchaatnii vsend, adneds cit n |
According to the first one, when the product of refererlass size and its incidence is greater

than 1, exemplars would be very likely to be cued, therefore people will give more weight to the
possibility hat the unlikely coincidental outcome will occur. However, when the product of the

two factors be lower than 1, exemplars would be less likely to be cued, and people give little

weight to the possibility of the unlikely event.

%8 Despite being based on the same principle governingvtiikahility heuristic (Tversky anahneman,
1973)- i.e., the fact that peoplermn their probability evaluations about an event on the ease with which
similar instances come tiheir mind Exemplarcuing differs in the explanation on the reason why events
would be mentally available. According to Koehler (2@f)Jand Koehler and Macchi (28] the mental
presence of an exemplar does not have necessarily to be related to thenpeedahat event in the
environmerit as instead the literature on heuristics and biases affiratker it could be based on
vividness(Nisbett and Ross, 1980, i . e., the ability of information t
which in turn is infuenced by how much unusual, important, interesting, personally relevant, publicized
etc. that information isAccording toExemplarcuing theory, once into mind that informatiomould
become crucial as it habde power of changing the persomafaluation 6 the eventand thereforgof
influencing hefhis choice. Authors spdyithat the latter affirmation would bespecially true for low
probability eventsvhich would be ignored otherwise.
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The second mechanismvhich operates only on information presented in frequencies, states that
exemplars are cued when the numerator of the incidence rate is equivalent or bigger than 1;
thus, decimals (e.g., 0.1 out of 10) are not expected to prompt examples. Please consider as
illustration, the following two descriptions of the chance of winning the daily-thgiteNew

York Lottery Numbers game employed in Koehler and Macchi (2004, p. 540),

a) iThere is a 0.1% chance that a given ticket
b) One in every tUtheoDod, c&ettsi okhiet ©ft hat are s

=2}

In a), since the numerator of the incidence rate is smaller than 1, that expression is not expected
to prompt examples. The contrary happens in b), because 1) the incidence of the phenomenon (1
in 1000 is expressed by means of a 1; and 2) it is provided in combination with a large
reference class (e.g., 500,000 tickets sold); therefore, wititket exemplars are likely to be

cued (approximately 1/1000 x 500,000= 500 tickets in this lottery willihaaxs).

Despite in both experiments included in Koehler and Macchi (2004) data were consistent with
the two mechanisms claimed to govern the cue of exemiilduas to be considered thhibse

are the only evidences available for the multiplicative raaim. For the strong predictions

made on the basis of the two principles (the multiplicative one in particular) to be claimed as
valid, it would be advisable to test a broader range of values as incidence rates and reference
classes, and also to test thendifferent contexts from that of DNA.

Implication for the Ratidias effect stemming from Exemptauing Theory will be described

in the followingsection

1.2.3 Visualization of the numerator
In the domain of judgment and decision making resedhehshared acceptation of the
term fii maginabilityo (in t he?igahk easeonithwhisher sky a
associations or instances of the probability to be judged do come to mind. Some research (e.g.,
Carrol, cited in Maclnnis and Price, 89 suggested that imaginability would affect perceived
probability directly, by calling upon the availability heuridti€Tversky and Kahneman, 1973).
In particular, it was argued that the experience of imagining an outcome would increase its
perceived pobability by making it more salient and easier to recall. In their work, Price and

Mattews (2009) explicitly referred to imaginability as a factor playing a role in, and by some

% The term has been used by, among othBisyell, Mitchell, and Hyes (2008) and does not

correspond o i magery, in that it is a property of the st
some of the literature of the field, there appears to be confusion on the distinction of the two terms.

30 According to Avdability heuristi people would predict the frequency of an event, or a proportion

within a population, based on how easily an example can be brought to mind.
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aut hor s even deemed as a cause o f 5). Thieseh e rati

contributions will be described in the two sections here above.

1.2.3.1 Imaginability/images of the numerator and affect

Some authors have explicitly alleged, that the ease of imaginability is influenced by the
statistical format used to convélye probability, with frequencies producing higher probability
evaluations than equivalent percentage presentations (see Slovic, Monahan, @rdgilac
2000, Study 3also describednithe last part of this section). Slovic and colleagueged that
even Raticbias results obtained under CEST studies (e.g., Kirkpatrick and Epstein, 1992;
DenesRaj and Epstein, 1994) could be explained by imaginabfitgording to them,n those
experiments, imagined or actually seen images of winning beans woulddrerxeyed positive
affect whichin turn would have motivated the choice of the urn containing the larger absolute
number of red beans. Similar studies under the CEST (i.e., Slovic, Monahan, and MacGregor,
2000 Study 3) demonstrated furthermore in one dirthnvestigations, that some measures
could be affected by the format used to descri
A1LON out of 1000) of a psychiatric patient, a
imaginability evoked in eacbase. Participants (members of the American Psychdlagy
Society) were sent one of seven version of a-page questionnaire describing the short
assessment report of a hypothetical patient with mental disorder (Mr. Jones) about to be
discharged. Theveri ons varied only in the way the patie
other than himself was expressed. In particular, conditions numbkrBd 67 are those of
interest to the present case, where the magnitude of the numbers employed at the mamcerato

denominator of the ratios in each pair was either (comparatively) smaller or larger:

Of every 10 [100] patients similar to Mr. Jones, 1 [10] is [are] estimated to commit an act of
violence to others during the first several months after discharge.

Condition 3 (insquared bracketbe expressions used in condition 4)

Of every 10 [100] patients similar to Mr. Jones, 2 [20] are estimated to commit an act of
violence to others during the first several months after discharge.

Condition 6 (insquared kacketsthe expressions used in condition 7)

Role-playing the supervisor of the mental health facility, participants had to evaluate the degree
of risk posed by Mr. Jones (low/medium/high), they had to express an opinion on the option of
discharging the gtient (discharge/ not discharge now/ obtain second opinion), and finally they

had to state the degree of closeness suggested for monitoring to the patient when in the
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community (not/ somewhat/ very closely). There did not Séwrbe a difference due the
magnitude of the numerator and denominator in the ratios employed to convey the risk neither
in the probability judgments, nor in the opinion on the degree of closesugsestedor
monitoring. Neverthelesshere was a difference in thehavioural itentions according to the
perceived degree of risk showed an influence (in Raitie direction) of the magnitude of the
numbers used. Indeed, while in those receiving a smaliebered ratio condition (i.e., 3 and
6) the percentages of participants refusg t o di scharge the patient (
were 21.2% and 20.3%of the 1/10 andfor the 2/10 probability, respectively), in those
receiving a largenumbered ratio condition (i.e., 4 and 7) such percentages jumped to 21.0%
and 40.6% , respeutly. In sum, the superficial difference among the two types of formats had
been able to double the number of people taking a hypothetical decision, even though from the
pure rational point of view no reason could justifye fact thathe same probabilitglicited
different answersMoreover, n the prior studies of the same article (Studies 1 and 2), authors
showed that a frequency presentation of the same probability scenario (20 out of 100) generated
higher risk judgments that a percentage presentd68c), and they ascribed the effect
obtained to the capacity of frequenctegyeneratea fierrifying image of the recidivist in the
mind of the clinicians involved in their study. Similarly to other studies ,(€&iqucane,
Alkhami, Slovic, and Johnso2000; Finucane, Peters, and Slovic, 2003; Loewenstein, Weber,
Hsee, and Welch, 2001; Slovic, Finucane, Peters, and MacGregor, 80@&the higher
probability evaluation had been detected in conjunction with extreme feelings appraisals, the
affective rchness of the imagery evoked by the statistical format had been attributed the power
to mediate that relationshipndeed, he explanation given to the more extreme behavioural
intentions under the 20 in 100 rather than the 2 in 10 in Study 3 referrecagaiceto the
higher degree of imaginability evoked under the larger rather than smaller frequency
presentation. |t has to be noticed tough, t ha
images elicited for larger numbers compared to smaller onedast a speculatidh Indeedt
was not provided an assessmeiithe capacity of the two formats to prompt affective imagery.
In a similar vein® S| ovi c, Monahan, and MacGregoro s s
Slovic, Mertz, Mazzocco, and Dickef2006) hypothesized a mechanism based on the affect
generated by the evoked images to explain results offtweth study That study examined the

effect of numeracyn various decisiomaking tasks, among which that involving the {zadt

31 Because of not being the main object of interest of authors, no results of statisticaietesesented in

the article for evaluations under the smaller and larger numbers ratio conditions. Nevertheless, it is still
possible to observe some tendencies.

2BA[n]  [isgsye is the extentto which differentformatsdo indeedaffectimaginability. In moststudies
theseeffectsaresimply inferredfrom the responsesn otherdependenimeasurege.g.willingnessto take

risks) (Slovic et al., 200 Somework has beendone examiningthe relation betweenimagery and
decisionmaking (e.g. Slovic, Layman, Kraus, Flynn, Chalmers,and Gesell,1991) but evidenceof the

directlink betweenfrequencyformatsand enhancedmaginability is currentlylackinginthel i t er at ur e 0
(Newell, Mitchell, and Haye<008 p. 319).
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jar game of bance is reported here. As in Den&sj and Epstein (1994), the small urn of

Peters et al.ds scenario (described as the one
probability of drawing a colored jellybean, while the large (labelled as thdidn@ vi ng 9 %
colored jellybeanso) offered a 9 in 100 chance
majority of participants irrationally chose the large urn, despite being thepsubal option,

thus showing a Ratibias. Authors hypothesizedea di ng r ol e of peopl edbs af
those situabns. They indicated the cause tbke bias in the images mediating the affective
responsepamelyn parti ci pant sé6 affective images of 9 wi
the image of 1 winning a | | in the smal/l urno (Peters et al
noticed that there are not evidences for this explanation in their study.

In their view, in such a game of chance two conflicting types of affective reactions would be
experiened, one stemming from the mental (or real, in the case where the game of chance had

been played in reality) image of the balls and the urn, and the other due to a conscious and logic
thinking process. A dualystem theory of informatieprocessing view igmplicit in this

interpretation, but differently from most dual process theories where only the experiential

system is deeply influenced by affective information, in the model proposed by Peters and
colleagues affect has the capacity to influence botheMperiential and the rational systems.

I ndeed, authors stated, fAf fZajtonccadns b(el %8 Od)i rnrecctt
affect comes before conscious deliberatioror it can be the result of g
et al., 2006, p. #0). The comparison among the two urns made uadeading role of the

experiential system would generate a more positive (or less negative) feeling of affect for the

larger urn. On the other hand, the affect derived from thinking deliberately at ted stat
probabilities applying mathematical norms would make the small urn look advantageous as

offering an objectively greater probability than that of the other urn. Nevertheless, this supposed

double influence of affeavas not in factested in the study,seonly a single affective rating

was assessed. Il ndeed, participantsé degree of
indicate fihow good or bad Bowl &6mintAcal® fangioghanc e 0
from -3 (very bad) to +3 (very goddAlso, meanevaluations according to the choice made

(large or small urnyvere notreported in the study, thus & not possible to test if there was a

different degree of feeling for the two optiansstudy participants

1.2.3.2 Imaginability/images of the numerator, but not necessarily affectively

tagged
Two views will be presented here that offered an opposite (in terms of direction of
causality in respect to Slovic and coll eaguesbd

relationship bveen the format of probability and images generated.
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The firstview is that of Reyna and Brainerd (2008). According to them, images are not the
cause of the higher probability judgments given under the frequency format if compared with
the probability fomat, ratherin the examplethey are a sideffect of the categorical judgment
of violence (in the example) elicited by the frequency format but not under the probability one.
In fact, according to the FuzZzyr ace t heory (see 1.d.®)ul di2Be pe
eval uated as al/l c at e greferiec ta la Isiggle pdarsonvoala be, whi | e
evaluated as a relatively small tendency (or even an inexistent one) to engage in a violent
behaviour. Reyna and Brainerd used the same logic to givairgcabthe higher number of
participants declaring they would not dischakdle Jonesin the 20 out of 100 (and 10 in 100)
condition than in the 2 in 10 (and 1 in 10) one.

The second vievin contrast to Slovic and colleagues abthgt role of imaginabilit in
affecting probability judgments of ratios expressed with smaller or larger nunsbtrat of
Koelher and Macchi (2004). According to researchers, first and most importantly of all, to get
an i mpact on peopl ebs e v ahaimagds genesated by stimelitowo u |l d
be affectively rich (likewise, instead Slovic, Monahan, and MacGregor, 2000, and Tversky and
K a h n e mavailabity heuristic, 1973)nlst ead @At he wei ght deci si on
probability events is, in part, a fumen of whether they can easily generate or imagine
exemplars for the evento (Koel her an@uingMacchi,
Theory (see 1.2.2), differently from affdelen theories (see preceding section, i.e. 1.2.3.1), for
an effectto be produced it would suffice that the statistics evoke thoughts about examples of the
target event. A second difference between Exenlang Theory and other explanations, no
privileged role of the frequency format is claimed over the percentage yok®diher and
Macchi, as the generation of exemplar cues depends on the reference class that is responsible for
identifying the sample space and not on the numerical expression used to convey probability
(see Macchi, 2000). Indeed, as Newell, Mitchell, &ta/es (2008) critically obserdein a
study examining positive and negative tpvobability events, no evidences exist of a direct link
between enhanced imaginability and the format used to describe probability, in particular
frequency formats. Newell aradhers affirmed that in most studies these effects were postulated
indirectly from results on other dependent measures, like Willingness to Take Risks (see for
instance Slovic eal., 2000. A common critical point in all the aboy®esented approaches
trying to explain the reasons why ratios in larger number formats would elicit higher probability
evaluations than ratios in lower number formats is, then, that of how imaginability could be
properly assessed. That issue will be analysed further in a skpigssely devoted to the

measurement of imaginability (see Study 3.2).
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1.3 Elicitation of health state utilities, of numerical frequencies of social facts, and
of the probability of harm posed by a mental patient if discharged are

influenced by Ratio-bias

The Ratio bias has also been shown to influence the elicitation of sestithutilitied®
(Pinto-Prades, MartinePerez, and AbellaRerpifidn, 2006) by means of two different
methods, i.e., the Standard Gamble (SG), and a method that authors have debbdd dho u b | e
| ott er y@did)met hod
SG is very common in research on individual decision making, but is employed in social
decision making, too. Not only, in fact utilities can be used to estimate the expected utility of a
health treatment, in order to pailecision on the treatments available, but also they can serve to
gain estimation on the cesffectiveness ratio of medical treatments, in order to take resource
allocation decisiond’ In the SG technique for chronic health states, usually participamts a
asked to choose between suffering a given condition for the rdkeiofife, and a medical
treatment that can return them to full heattnsidering anyway thats a sideeffectit could
also fail and cause immediate death. The formulation of quesgmployed in PintBrades

and coll eagues6 Study 1 wil!/l il lustrate:

Suppose that you are experiencing health state X. If you do not receive treatment you will
remain in X for the rest of your life. However, you can receive a medical treatment (treatmen
ALFA) that if successful, will result in return to normal health. Nevertheless, treatment ALFA
can also fail and in this case you will die. We are going to show you different probabilities of
success and failure and you will tell us if you think you di@hlose treatment ALFA or no in
each case.

(PintoPrades et al., 2006, p.124)

Authors were interested in studying whether the way in which the probabilities of success and
failure of treatment ALFA for four diverse health states (X, W, Z, and Y) expressed
frequencies of smaller or larger numbers, could produce different subjective utilities. In
particular,by employing a pingpong search procedure (i.e., first presenting a 5% risk of death,
then a 90%, then 10%, then 80%, 20%, 70%, 30%, 60% and sdeynpimed at testing

% By health utilities it is meant how a sen thinks having a particular condition would compare to the
best option (being in perfect health, at one extreme) or to the worst option (being dead, at the other).

% In the first case, for chronic health states usually the SG technique asks pedpiege between
suffering a given condition for the rest of her/his life, and a medical treatment that can return him/her to
full health, but could also fail and cause her/his immediate death. In the other case - thfentiseness

of the introduction ofa medical intervention can be calculated as the difference between the utility of
patient health state before and after treatment.

45



Existent literature on thesue

whether the indifference point between the gamble offering a certain probability of death and

the complementary probability of complete recovering, and the actual-s&stkthvould change

in a direction compatible with the Rafdas effect. To illustrate, it was hypothesized, that a

higher elicited utility (because of the lower degree of risk accepted, i.e., the lower indifference

point) be elicited when the probabilities in the gamble were presented out of 1000 people, than

when theywer e presented out of 100 peopl e. Resul t
participants accepted a lower risk of death when probabilities of success and failure in the
gambl e were expressed as AY deaths out of 1000«
Study 2of the same researdlepresented a further confirmation that the superficial way in

which health risks are framed has the power to lead to inconsistent preferences. A new
elicitation tec-hoptgeey cakbl 60 dd d wmlbpopulatiand |, and
tested. The technique was a variation of the SG questi@hichrisk was present in both parts,

and participants had to answer to two questions; only one of those questions, anyway, was used

to test the existence of the Ralims effectwhile the other served as a control question. For

what concerned the main issue of intereststtemariaead,

Assume that you have been injured in a road accident. If you do not receive medical treatment
you will experience situation X. There are twtealative treatments available, C and D. When
treatment C is applied to 100 [1000] people, 1 [10] patient experience situation X and 99 [990]
patients experience situation W. When treatment B is applied to 100 [1000] people, N patients
experience situatioX and (106N) [1000- N] patients return to normal health in8days
(Pinto-Prades et al., 2006, p.127)

Participants received either the version where ratios were framed in 100 or that where they were
framed in 1000. The number N (and its complemehtans varied using a piAgong technique
as in Study 1 wuntil i ndi ff e (basecc mmatheanathicale ac he d .
calculationy, was that participants would have accepted a lower degree of risk in the
experimental conditions where the fuegcies were expressed out of a 1000 denominator rather
t han when they were expressed out of a 100
hypothesis, thus further corroborated the idea that the format in which a frequency is expressed
(X out of 100 orl0X out of 1000) matters in terms of elicited health utilities.

The elicitation method was also at the basis otlzreffect that has been explained by
means of the Ratibias phenomenor¥amagishi (1994, 1994b) referred about his and some
colleagues uryblished study (Saito, Kawabata, and Yamagishi) where an interesting
fresponsgange effed was observed that could be attribut
In fact, results of the study, inspired by that conducted by Fischoff and MacGregor (téporte

Fischoff, Slovic, and Litchenstein, 1982) showed, that when numerical estimates of certain
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social facts (e.g., the probability of being victimized by violent crimes) were required in
frequency terms, radically different estimates were returned bigiparits who had to provide

an estimation for a relatively smal/l range (I
provide an estimation f or a relatively 1l arge
particular, the estimations elicitedtaf a population of 100 persons were generally lower than

those elicited out of a population of 10,000 persons, an effect in line with the-biRetio

Aut horsdé6 explanation for the phenomenon concer
depends higly on method of elicitation (Fischoff, Litchenstein, Slovic, Derby, and Keeney,

1981; Fischoff, Slovic, and Lichtenstein, 1982; Slovic, Kraus, and Covello, 1990). In particular,

it referred to a common and underestimated bias in frequemigynents conneed to the

survey methodology, i.e., the fact that study participants infer normal tendencies in the reference
population from the presentation @frbal response ranges (Schwarz and Hippler, 1987,

Schwarz, Strack, Muller, an@hassein, 1988). Saito, Kavath, and Yamagishi (quoted in
Yamagishi, 1994, p6 52) argued that, Athe presentation ¢
i mplicitly suggests that the | east possible oc
(10,000) range suggests that thastepossible occurrence is one in 10,000, retaining much less

| ower frequency rates i rm) tleoantloe ¢claiméd that such ¥a magi s
response@ange effect he could replicate was nothing else but a particular type of anchoring
procedure. Inparticular, the anchoring procedure author referred to was an implicit one, as

di fferently from the anchoring and adjustment
(1974), nonumerical expression had been provided as an anchor on the respondasieale.

embedded clues from the range provided (1/100 or 1/10,000 in the proposed scenarios) were

picked up spontaneously by individuals, wheed them to ease the evaluative procedure. In

Yamagishi (1994), participants were asked to provide an estinohtEequencies of death for

llwelk nown causes in a sample of 10,000 people (
of 100 people (i.e., fi n a-ordeothoserlethal gaesés froommodti t i o n)
to least frequent, in three differesgssions. In order to compare teported evaluations in the

two conditions differing for size range, the measure obtained in the wide condition were divided

by 100.Two differentanalyses aggregated level and individualu b j e c 1 of the shneev e |

data obtained from 4%articipants were performed. Significantly greater mean estimates of

mortality rate were found in the narrow range condition (i.e., 29.06) than in the wide range one

(i.e., 12.95), thus demonstrating a clear influence of the supeniiggl of expressing the

responsg ange. Subjectsd performance analysis show
ri sk scal es, in other words Athe relationship
than another was highly well preserved acroestmth ods of el i ci t &tppono ( Ya
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663). Nevertheless, these results must be taken with caution, considering that they were
obtained from a withissubjects design for what concerned the ratio format preseritation
Comparable results, though, wasbtained by Slovic, Monahan, and MacGregor (2000, Study 1
and Study 2lescribed here belgw

Finally, elicitation of probability has been shown as influenced by Rémevenin
Slovic et al. studies (2000). Forensic psychologists and psychiatrists &ix case summaries
of mental hospital patients were asked to evaluate the probability that the protagonist of the case
would harm someone else within six months after discharge from the hospital. Also, they were
required a judgment on the risk levelspd by the person, an opinion on the need of monitoring
the individual, and an evaluation of the likely necessity of rehospitalisation or involuntary
out patient commi t ment in the event of the pat
medication. Therariable manipulated withisubjects was the format of the response scale used
to assess the probability of the question on the judgment of the risk level, namely that of interest
for the present aims. Indeed, participants were randomly assigned to fiveecofnditions, LP
(Large Probability), SP (Small Probability), LF (Large Frequency), SF (Small Frequency), or
SF1000 (Small Frequency out of 1000). Results showed lower mean probability judgments for
the scale with comparatively smaller than that witlmparatively larger numbers, both for
scales where points were labelled in percentages and in relative frequencies, showing a clear
responseange effect. The same effect was replicated in Study 2 with the same scenarios, but an
additional tutorial at the dginning of the session on how to make probability or relative
frequency judgments. Overall responses aggregated across all six cases for each of the five
experimental conditions showed that within relative frequency formats, a scale expressed in
terms of1000 rather than 100 individuals elicitéatger frequency judgments than the same
scale expressed in terms of 100 individuals. For instance, while 15.9% of the case summaries
were considered at a 1/100 probability of harming someone else during thergixsmafter
discharge (Condition SF), more than double the number of such cases (i.e., 32.5%) were judged
at a 10/1000 probability of harming someone (Condition SF1000), despite the two probabilities
were in fact equivalent. The risk judgment on the prdibakihat the patient would harm
someone else followed the same trend; in other words, more people assessed the same risk as
low when that hd been evaluated on the SF scale (out of 100 people) than when it had been
evaluated on the SF1000 scale, e.g2®&lvs. 76.6% for the 1% judged probability of harm,

respectively.

% See observations in Khaneman (2003), reported at the beginning of Chapter 3.
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SECTION 2.
When 1 in 10 ishigher than 10 in 100 Results in favour of neglect of

the numerator

The group-diffusion effect and the reference group effect

Opposite results to the Ratidas (or denominator neglecthus indicating that people
attend to and weigh the denominator more than the numerator, have been obtained by
Yamaguchi (1998), when ratios used different superficial formats of expression. In two studies,
author demonstrated thandividuals feel illusory safer (more in control) in the presence of
ot hers than when they ar e agoupdiffsion efiedi . e fAfse dth et h a
number of these Aothersodo grew, the fershking of
at lower levels.
In fact, in Study 1 (Yamaguchi, 1998) Japanese female students evaluated risk as lower when
the number of their peers exposed to the same risk increased. Participants presented with six
hypothetical risk scenarios in the physical éindncial domain, and asked to rgi&ay to have
part in them, were asked to estimate the amount of risk (in %) involved in each of the six
situations. The independent variable manipulated betsekjects was the number of people
potentially at risk, i.e the participant aloney small group (i.e., 10 peopla); a large group
(i.e., 1001 million people). As a result, not only the group size showed a main significant effect
on the perceived probability level, but also the variables inverse relationship wasbtained,
since the declared level of probability decreased as the magnitude of the number of companions
increased (as function of the number of risk companions). For example, one scenario

(ACarcinogen 20 scenario) read:

The underground water supply in yoarea was recently found to be contaminated with
carcinogens. It is estimated that it will take about five years before the effects of these
carcinogens appear. It is also uncertain how many people will eventually get cancer from the
contaminated water. Hne are 10 [100, 1 million] people including yourself [you are the only
one] in three families who are drinking the contaminated water every day from wells in your
area.

How likely do you think it is that you will develop a cancer?

(Yamaguchi, 1998, p. 128

In this case, participants estimated, that their personal probability of getting a cancer due to

water contamination through a carcinogen would be lower as more people drank the water on a
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daily basis. Obviously, #ir judgmentalbehaviour was irrational, as in fathe presence of
ot her people in the same situation would have 1
In Study 2, results of Study 1 were further confirmed in a more realistic situation (i.e.,
laboratory setting), thus broadening their ex#rvalidity. Female students participated
individually by reading the description of an experiment involving electric shocks, in which the
total number of prospective participants that would have communicated to them was varied in a
way similar to that agbted in the preceding experiment. It could be one person only (i.e., the
participant alone), a small group (i.e., 10 people), or a large group (i.e., 500 people). After
reading the scenarigtudents were asked to estimate, in %, 1) the probability of suffefiom
the aftereffects if they had taken part in the trial, 2) the severity of those effects, as well as 3)
their willingness to participate into the experiment, all ggoiht Likert scales. Reasonably, and
comprehensibly, eagerness to participate w@sstant across conditions, and generally low.
Instead, the probability of suffering from afeffects decreased as the number of people
involved in the experiment increased, and its trend was paralleled by that of the degree of
intensity of those effects
According to author, findings of both studies would show that individuals demonstrate
an irrational tendency to feel safer, i.e., to judge a risk as lower, when in group than alone, a
tendency of il lusionary @saf e.tSych fealingwaulthbeer so ( P
the result of a notion that is the product of the natural human propensity to group with other
humans in order to face otherwise impossiblband threats to their survival, or in order to
better face those, as in case of, foranse, natural disasters. If the history of humankind is full
of episodes where indeed the fact of being in a group has shown essential (or at least useful) for
individual survival, the mere application of such notion to all situations appear notwithgtandin
irrational, as the presence of other individuals not always works as a benefit for ameliorating an
individual condition. For example, in those circumstances where collaboration has no room to
offer an advantage, people are not necessarily safer in p tiran alone (see, for instance, the
probability to get home safely on a plane in a bad storm is not function of the number of people
flying on board, rather is dependent on the pil
Such #®dgrfdwpion effecto, d e py receivad duttrted on a
confirmation in Hong Kong by Ho and Leung (1998), and in the USA, albeit partially, by Chua,
Yamaguchi, and Yates (unpublished, cited in Yamaguchi, Okumura, Chua, Morio, and Yates,
2008). The study in Horgong aimed at testing sevénaotential explanations for the effect,
among others the fdAinterdependence heuristic bi
by Yamaguchi (1998) . According to the #Ainterd
feeling safer in a group than akmould be the result, in collectivist cultures like the Japanese
one, of peoplebds attitude to see the group r a

survival. As a consequence of the effect of solidarity, and of a high concern for others in thei
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society, collectivist people would perceive a lower degree of threat in presence of risk
companions than alone. Nevertheless, itterdependence heuristic bibgpothesishas been
disconfirmed by Ho and Leung (1998) who found no evidence that the effect was stronger for
individuals evalated as collectivists rather than individualists eonappropriate scale (the
INDCOL, in Triandis, Bontempo, Villareal, Asai, and Lucca, 1988, translated in Chinese)
intended to measure the <collectivism orientat:i
hy pot hguisg for a semse of security in presence of other people in a fearful situation did
not receive support. Indeed, the same intensity for the bias was found when participants were
provided with an alternative source of comfort (i.e., insurance) and whewéne not.

A similarity between the grougiffusion effect and the so a | Irededencei group
effect explanatiol ( Jenni and Loanebevmoticesl.tlreldedn accordiryy 9o07this
latter account, in brief, individuals would feel greater distressvforc t i ms as fithe re
group they ar e pSovit, FischhoffgandolLigrsenstem,aqlioteed in mall and
Lowenstein, 2003, p. 6), namely they would feel more distress for a single victinficthan
statistical I i f e .eseri thal rostthighly icandehtrated \distigbttionno$ risk e p r
(an n of n) because identifiable victims become, in effect, their own reference group. In contrast,

a statistical life has a much larger denominator, because the risk is typically spread across a

large popul ation. o (ibid), despite the value of |
number of individuals at risk. This figreater s
of l'iveso (Small, Loewenst edampirica codfirm&tioroiv i ¢ , 2 0 (

somesubsequent studies (e.g., Fetherstonhaugh, Slovic, Johnson, and Friedrich, 1997; Baron,
1997).
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From group diffusion to Ratio-bias

A link between Ratidias and growgliffusion effect has been traced by Price and
Mattews (2009 . In a series of four studies, aut hor s
1) and extended it to a positive outcome, thus ruling out the interdependence heuristic as
explanation (Exp. 2), then made the graliffusion effect disappear (Exp. 3), arfidally
arguedRatiobiasas the reverse of the growliffusion effect.

I n Study 1, a fAbacteria scenari o@ecefogedie f ol | owi

Imagine that you are one of N people eating at a restaurant. Afterward, you finldabyou

were exposed to a certain kind of bacteria in the food. Furthermore, medical experts say that
people exposed to these bacteria have a P probability of becoming seriously ill as a result.
(Price and Mattews, 2009, p.439), [N (1, 10, 100, 1000).9F, 20%)]

Despite a variant of Y a ma g-subjdcts presentptimmr af dhe g m wa s
scenarios, of the probability, and of the number of threat companiongsunagric judgment on
a 12point scale rather than on a percentage scale), pimatygroupdiffusion effect was found.
In fact, participants evaluated their chances of experiencing the negative event as lower when
the number of people exposed to the risk increased.

In a further experiment presented in the study, both scenariossligitdy modified to
include an explicit mention to the numerator of the ratio, that in Study 1 and @dtedd to be
deducted through mathematicabperation on the probability (%) to experience the negative
outcome and the number of people exposed to the tHtehas to be noticed, that such
mathematical operation was rather difficult becauseeverybody knowm similar casesthat
a) the information (% and N) have to be integrated to return the personal probability of
experiencing the negative outcome; andti mathematical rules necessary to integrate

information. The general form of the new version of the scenario read,

Picture yourself as one of N people in a room. n of the N people in the room will be randomly
selected to [win/lose$ 50.
(Price and Mattews, 2009, #39), [N (10, 100, 1000), P (10%, 30%), n accordingly]

A null effect of the size of the group of probability companions was detected, namely an
absence of the grogliffusion effect. Authors interpreted similar findings due to the fadhat
participants could now focus on both the numerator and the denominator of the ratio they were
required to judge.

In the final Experiment presented in their study, Price and Mattews demonstrated, as they

had hypothesised, that a grediffusion effect was present in the condition where only the
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denominat or wadenommathenly soaditioe)n,t whi |l e no effect '
when both numer ator and de nnumeratoplisdenomimator e mad e
conditiord )A.Ratio-bias effect was presemstead when the numerator of the ratio was made

s al i e nnumefatoronty canditiérd ) . Neverthel ess, it has to be
will be clarified at the beginning of next chapter), that in the latter condhmeitems indicated

the number of people expected to be affetiethe condition, but the exact number of the total

people at risk was not specified, i.e., it was not clearly statectt he scenari o read:
people were exposed to the risk).

Other researchers aparbin Price and Mattews had argued for, among different mechanisms,

the role of saliency in creating the Ratims (see Pint®rades, MartinePerez, and Abellan

Perpi 18n, 2006) , wi t hout neverthel ess testing
words , fi [ . . -djffusionheffect gsrradateg to the rativas. Both effects occur when

people make risks or likelihood judgments based on information presented as a ratio. The
difference is that the grotgtiffusion effect occurs when the denominatoths relevant ratio is

more salient than the numerator, while the rhtass occurs when the numerator is more salient

than the denominatoro(p. 436). Relative salieni
indicated as the cause generating ezitbne or the other effect. In line with Epstein and

coll eaguesd idea that Aiinformation can be pres
either the denominator or the numerator more h
Mattews, 2009p. 445), Price and Mattews argued that there is not an intrinsic feature in the

ratio that can be deemed responsible of one either of the two biases, rather one of the biases is
generated in the conjunction of a specific ratio presentatiothe problen examined.

The reason why people would focus on one feature rather than the other could be, as suggested

by PintaPrades and colleagues (2006), the motivational concern. In their study, the numerator

was the object of motivational concern as it was at feature of the ratio that the numerical

outcome of the medical treatment (success or failure) was communicated. The same idea had

been claimed by Dend®aj and Epstein (1994), to explain results obtained in the typical game

of chance:individuas would have focused on the numeragince the red beanwere of

motivational concern as participants wanted to select them (gain outcome) or avoid them (loss

outcome),
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CHAPTER 3

Empirical studies

A manuscript partly based on thisager is under review 2revision) inMedical Decision
Makingas: Pighin, S., Savadori, L., Barilli, E., Cremonesi, L., Ferrari, M., and Bonnefen, J.

AThe 601 i n X effecto on t he subjective a s
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Rationale for researchstudies

The main rationale for the research was that of examining how numerical format affects
perceived probability in single risk communications. The rationale stemmed from recent
theories in the psychology of risk perception, that separate the rotparfential vs. analytical
reasoning in the way individuals form perceptions of risk (see beginning of Chapter 2). Much
evidence reviewed in Chapter 2 suggests that presentation formats have been interpreted as a
way to convey an experiential vs. analytiggiocessing of information (see, for instance,
DenesRaj, Epstein, and Cole, 1995; Slovic, Monahan, and MacGregor, 2000). However, some
of the researches described in Section 1 of Chapter 2 could be criticised for ecological validity
if they ought to beransferred, as they are, into the medical health domain. Most of the studies,
indeed, presented people with the same probability expressed in two different formats, and
asked them for a direct comparison between the two formulations. This method might
compomise the ecological validity of the results, if one considers the domain of medical risk
communication. Presumably, doctors rarely explain to patients that one treatment has, for
instance, a 1 in 10 chance to succeed, whereas the other has a 10 iarif@0tchsucceed.

Using different ratio formats for two probabilities that are trivially the same, besides being in
principle not advisable because the employment of different denominators in the ratios does
not favour a sound comprehension and comparisgmabability magnitudes (Burkell, 2004;
Paling, 2003), would surely be an odd communication move. A more realistic situation,
instead, is one where the practitioner chooses a specific format to express the equal chance of
success of two different treatmienand coherently sticks to it for the description of the
probability of both cures. Moreover, there are even occasions when patients are presented with
information relating to a single treatment or with the probability of an adverse outcome, rather
thanbeing required the comparison between two or more options. In fact, frequently they are
required to evaluate clinical risks having little contextual knowledge to support consistent risk
perceptionsVery often, risks cannot be compared against each aherthey have to be
evaluated on an absolute scale (for an exhaustive review concerning the differences between
joint and separate evaluations and on how these two evaluation modes differently affect
preferences, see Lichtenstein and Slovic, 2006).

In boththe case of two different treatments, and in that of a single one/ of the probability of an
adverse outcome, knowing whether there are any differences in the subjecbedilfiyo
assessment of a healtlated outcome as a function of the magnitude haf humbers
employed in the ratio expressing its probability can be useful for easing the choice between

them.
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Methodological considerations

The present research focuses on a relatively less evaluable context where only separate
evaluations are possiblErom the methodological point of view, two main considerations have
been made on the basis of both the aim just delineated and the literature described in Chapter 2.
First, in accordance with what expressed above on the ecological validity of studiegiéalm
risk communication, it was reasoned that experiments aimed at assessing effects on perception
of ratio formats should use between, rather than wahbirjects, evaluations of the ratio
formats. That happened in the studies on gidiffpsion effectdescribed in Section 2 of the
previous chapter; nevertheless, differently from those, both numerator and denominator of a
ratio should now be made explicit. Additionally, a betweasther than withirsubjects design
for the ratio formats under study wasdged as more appropriate, in order to avoid that
participants could disclose the equality of the two formulatforghus, unlike in Price and
Mattews (2009, Study-4, still in Section 2) in our studies different participants would have
assessed differeratio formats.
The research work included twelve main studies, description of which has been organized in
four distinct sections.

Preliminary brief characterisation of the basic constructs investigated

Focus of investigation regards the effects abrfdrmat presentation (smaller/larger numbers in

the ratios) on perceived probability. Nevertheless, some other related measures normally
assessed in the risk communication literature will be examined as well, in particular
worrisomeness for the outcomeopability, the perceived severity of the outcome, behavioural
intentions, and numeracy level. In order to make reading as smooth as possible, it was judged
convenient to briefly delineate here, the general utility of those measures, and to specify the
raionale for their use in the present research. Here following, the concepts tapped by those
constructs will be briefly described, together with the modality normally adopted to elicit them
in the decision making literature, so to make any change adoptiee present studies evident

to the reader.

¥As affirmed by Ka h nnrtutie judghén @il preferences’ ate2thereford best

studied in betweeparticipants designs and in short experiments that provide little information about the
experi ment er {atcipgnt ohesigns With tmbltiple trials should be avoided becthese

encourage the participants to search for consistent strategies to deal with the taskpaifitipant

factorial designs are particularly undesirable because they provide an unmistakable cue that any factor

that is varied systematically mustbexele nt t o t he target attribute (Kahne
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1. Perceived probability of an outcome
The weight of a risk can be described as the severity of the possible harm that might
occur from a given activity or event multiplied by the probability of the harm occuseey for

instance, Savadori and Rubaltelli, 2008). This can be expressed by the following equation:

(weight of risk) = (severity of harm) x (probability of occurrence)

Thus, peopleds judgment on the | eved. .f, pfelrrceyo
opinion, how risky is X?206) wildl not only encl o
the event occurring (Aln your opinion, how | ik

assessment of the gr asveivteyr eo fw otufbradt mote deted@dome ( A Hc
description of the severity construct, please see point 3. If the objective is to measure perceived
probability in terms of risk magnitude estimation, thus, when the outcome is rather severe (e.g.,

Down syndrome)it is preferable to focus the question on probability rather than risk in order to
properly tap one rather than the other concep
happening is___?20, rather than Alsn youd) .opTmiis
expedient will be adopted in the studies of the present dissertation.

2. Perceivedworry for an outcome

Studies of risk perception normally differentiate between cognitive and emotional
reactions to threats. Normally, the experience of waloes not correspond to that of
intellectual judgment.
AWith the word 6worryd is denoted preoccupatio
eventso (Sjoberg, 1998, p. 85). Worry is nor ma
extendareyoe oncerned about X?0 Worry ratings give a
judgment s. In I'ine with what affirmed by Sjobe
use both types of dimensions [probability and worrisomeness perceptions] in aostuidi
perceptiono (Sjoberg, 1998, p . 92) , both di men

thesis.

3. Perceived severity of an outcome

The severity of a risk can be defined as the perception of the badness of the outcome in
the case a hazard hmms for sure. Generally speaking, higher risk activities have higher
probabilities of more severe harm, while lower risk activities have lower probabilities of less
severe harm. For example, Russian roulette would be considered a very high risk activity

(perhaps a 1 in 5 chance of death) while reading a book would be considered a very low risk
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activity (perhaps a 1 in a million chance of a paper cut). Nevertheless, like benefits, harms are
also largely subjective, and their severity can be assessed riffelog different people. In

other words, harm that one person considers extremely severe another person might not care
about very much at all. In case the two persons are asked an evaluation of the same probability
of that harm happening, two profoundlyffdrent judgments could be given by them. It is
expected that the first person gives a higher risk judgment than the second, because the higher
perceived riskiness of that harm reflects a higher severity assessment. Thus, when eliciting a
probability judgment on a negative event or outcome, it is important to disentangle the
personds pr oba b ipdrdeivegii pe walabd tlii ad np, (oif .neo.c,ber wen gd
function above)from her assessment of the gravity of the outcome at stakep@reeved
fiseverity of harm , i n the wei g hReicaivgd séverity ofthe auttoma ht stake )
will be assessed in the first study of this thesis to separately account for that variable.
Nevertheless, for the specific outcome investigated in thearek (i.e., Down syndrome) one

more aspect related to severity has to be considered.

The extreme case of probability neglect

One of the consequence of the Arisk as feel
and Welch, 2001) according to which peopte more insensitive to probability variations for
emotional and vivid outcomes than for pallid outcomes, is that the impact of probability
depends strongly on the nature of the outcome. In other words, the probability weighting
function simplified abovevould be flatter (i.e., overweighting would occur, especially for small
probabilities) for vivid outcomes evoking emotions than for pallid outcomes. Taken to the
extreme, such consequence could result in ext
advese event carries sharp and strong affective meaning, as in the case with a lottery jackpot or
a cancer . I n such situations, vari ati on i n pr
2004, pp. 13L4). Similarly, but in a positive domain, as Lowems et al. (2001) observed,
onebdbs images and feelings toward winning the
probability is one in 10 million or 1 in 10,000. Authors further noted that responses to uncertain
situations appear to have an all omaccharacteristic that is sensitive to fhessibility rather
than the probability of strong positive or negative consequences, causing very small
probabilities to carry great weight.
Support for these arguments can be found even in research of RottenatreéiHsee (2001)
that showed that, if the potential outcome of a gamble is emotionally powerful, its attractiveness
or unattractiveness is relatively insensitive to changes in probability as great as from .99 to .01.
Authors found, not only that peoplesve insensitive to probability variations, but also that such
insensitivity depended on the emotional impact of the associated outcomes. That basic point has

received its clearest empirical confirmation i
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avoid electric shocks. The central purpose of the study was to test the relevance of probability in
Nfaffect richo decisions. The experi ment t hat
attempted to see whether varying the probability of harm waalidler more, or less, in settings

triggering strong emotions than in settings that seem relatively erfotioe e . In the fAst
emotiono setting, participants were asked to
experi ment invol vi hgrtsomeaicmfamlce mdt anoits dang

(Rottenstreich and Hsee, 2001, p. 188). In the relatively emfyensetting, participants were

told that the experiment entailed some chance of a $20 penalty. Participants were asked to say

how much theywould be willing to pay to avoid participating in the relevant experiment. In a

similar way, a measure of the Willingness to Pay to avoid a risk was raised to calculate the
Willingness b Reduce various fatality riskdonesLee, Hammerton, and Philips, 89 or that

of preventing no#fatal road injuries (Jondsee, Loomes, and Philips, 1995), oriliiess from

eating oysters, forinstandgk i n and Mil on, 1995) . I n Rottenstr
participants were told that there was a 1% chanceceivieg the bad outcome (either the $20

loss or the electric shock); others were told that the chance was 99%, and still others were told

that the chance was 100%. The central result was that variations in probability affected those

facing the relatively motionfree injury, the $20 penalty, far more than they affected people

facing the more emotionally evocative outcome of an electric shock. For the cash penalty, the
difference between the median payment for a 1% chance and the median payment for a 99%
chance was predictably large and indeed consistent with the standard model: $1 to avoid a 1%
chance, and $18 to avoid a 99% chance. For the electric shock, by contrast, the difference in
probability made little difference to median willingness to pay: $7vtidaa 1% chance, and

$10 to avoid a 99% chance. Thus, apparently people pay a significant amount to avoid a small
probability of an affectaden hazard, and the amount that they pay does not vary greatly with

changes in probability. In a similar fashian,the healtkrelated field. Levy and Baron (2005)
examined peopl eds assessment of badness of 5
probability from a 1 to 100 %. Participants6 | u
the amount of probability std, while they depended entirely on the outcome.

Sunstein (2003) argued that that insensitivity
overreaction to certain rare but emotionally powerful events such as terrorist acts. In practice, as

a resultof probability neglect people are often much more concerned about risks from terrorism

than about statistically greater risks that they confront in ordinary life. That would happen

because people tend to focus on the badness of the outcome, rather ttreprobability that

the outcome will occur, when strong emotions are involved in a judgment. In these conditions,
people A[. . .] are not c¢closely attuned to the p
62). Among the studies described by Sunsta relevant one is that of Weinstein, Sandman,

and Hallman (1998), where two conditions were compared, a high and a low outrage condition.
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Results showed that a |l arge difference in sta
outr ageo0 itpeopleiraspordimg thewame way to a risk of 1 in 100,000 as to a risk of

1in 1,000,000. Even when the statistical risk was identical in the high outrage (nuclear waste)

and low outrage (radon) cases, participants in the nuclear waste case repoutsd greater

perceived threat and a much higher intention to act to reduce that threat. What is more important

for the present a s e, Sunst ei n that2led motiorsrarg mtende, dalfutation is

less likely to occur, or at least that form ofctdation that involves assessment of risks in terms

of not only the magnitude but -&) Wewiltretumtopr obabi |
this point in Study 1.1.

4. NumeracycobkFeoni ie statistical il 1 iteracydc

For an educated citizenship a modern democracy, statistical thinking would be as indispensable as
reading and writingattributed to H.G. Wells, quoted in Gigerenzer, Gaissmaier,-Klilcke, Schwartz,
and Woloshin, 2007).

How large is a 1 in 250 risk? People might view an esgion like the one just
presented without being able to translate it into a meaningful representation. The reasons for this
phenomenon are mainly two.

First of all, individuals experience difficulties in sensing numbers, and these difficulties
become evegreater when people have to grasp those that are not integer. Much evidence exists
in fact in the developmental literature, proving that fractions and other related ratio concepts
(rational numbers, decimals, proportions, andipénble concepts) are espally difficult to
learn (e.g., Hecht, Close, and Santisi, 2003; Reyna, 1991). When these numerical expressions
are used to convey the probability of an uncertain outcome occurring rather than a fix partition
of a quantity, p e ofyrtheenre inaeaded duesto thet noneirguitivee ideas e v e n
of probability and randomness. Indeed, several findings have showed that probabilities attached
to outcomes are poorly comprehended by children and adolescents (e.g., Hoemann and Ross,
1982; Piageaind hhelder 1975; Reyna and Brainerd, 1991, 1994; Siegler, 1981) as well as by
adults (i.e., see the entire heuristic and biases approach). Structural as well as evolutional
accounts have been proposed to expl aiions, | aypeop
and probabilistic concepts. In sum, individuals would not be able to translate a probability
expression like the one stated above into some meaninghdeptbecause of their poor
comprehension of numbers and the concept of uncertainty. Sohwsabave aued, that as a
consequence of sugoor comprehension laypeople face difficult and stressful decisions, even
in healthcare (see, for instance, Estrada, MaHnynlewicz, Peek, Collins, and Byrd, 2004;

Rothman, Housam, Weiss, Davis, Greg@gpretsadik, et al., 2006).
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Secondl vy, peopl ebds hard ti mes in sensing |
educational system of our societies. A widespread innurmierdicy n inability to
comfortably with the f unda meRatloslquotedin Hedwigs of nu
Zangerl, ,Biedert, and Margraf, 20083) - had been diagnosed long ad@espite everaraise
of requirements for numeracy, performance of §Paders hanot changed in decades (see
NAEP, for instance, Lee, Grigg, and Dion,0Z(. Indeed, quite recent data from the American
National Adult Literacy Survey (NALS) showgthat about halof the American population
lacksthe minimal mathematical abilities necessary to use numbers inserted in printed materials
or to perform a numesal task requiring at least two sequential steps (Kirsch, Jungeblut,

Jenkins, and Kolstad, reported in Reyna, Nelson, Han, and Dieckmann, 2009). Data have been
further confirmed in a subsequent assessment o]
around 36% of the adult population (i.e., something like 93 million people) at a{belsi or

basic level of performance, with quantitative items eliciting the worst results (Kutner,
Greenberg, Jin, and Paulsen, also researches reported in Reyna, Natsomd Dieckmann,

2009). The picture gets even more worrisome considering that some vulnerable groups (non
native English speakers, poor people, older or less educated individuals) that have been
identified as those more in need gbablic healthservie, have also been estimated as those in

fact performing as the worsh those quantitative operation¥he situation appears slightly

better in Europe than in the U.S., as the gap between lowehigher educated people are
smaller than in North Americ&G@lesic and GarciRetamerojn pres$. Nevertheless, the level

is still too low to ensure a sound comprehension of risk messages, as for instance a recent
research on a representative German sample showed that only the 68.5% of items assessing the
abilities required to understand numeric data in messages could be correctly answered (Galesic
and GarcieRetamero, 2010).

Both rationalesreported heref o r peopl eds l ow ability i n
expressions into meaningful representations have evidethescentral role that individudis
level of numeracy namel y peopleds dAfacility with basic |
(Schwartz, Woloshin, Black, and Welch, 1997, p. 966)s in explaining possible problems
associated with risk perception.\le even researchers have long recognized the importance of
literacy for making informed health decisions, the same cannot be stated for numeracy (Reyna,

Nelson, Han, and Dieckmann, 2009jespite its evident importancelndeed, the
acknowledgement of thisscn st r uct 6 s r el evanc eingiespecallyinthe a r el at
decisionmaking literature.

Subsumed by some authors within the broader concept of literacy, numeracy can be equated to
guantitative literacy (Lipkus and Peters, 2009) as it encesgzathe possession of those basic
mathematical skills necessary to comprehend and use numerical information expressed in texts

or displayed in charts, graphs, or tabl es. As
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numbers within graphs, charisrose texts; and to perform appropriate arithmetical operations
ontextbased quantitative datao (Bernhardt, Brownf |
2009). However, as Reyna and colleagues have highlighted, numeracy has to be distinguished

from the broader concept of health numeracy (for a comprehensive and detailed review of

di fferences between the two constructs, see tFh
ability to understand numbers but rather to apply numbers and quantiegis@ning skills in

order to access health care, engage in medical
(Reyna et al., 2009, p. 947)

In the studies reported in the presdigsertation, the decision to adopt the numeracy instead

than the he#h numeracy construct relied ¢ime consideration, that despgi&ven the domain of

study (i.e., a health condition) health numeremyld have probably been more approprihnm

numeracy the latter had more often beemwbject of analysisn researches idecision making

than the formerAs a corollary okuch arextensive use, the was aelatively large number of
evidenceavailable for numeragywhile the opposite was trur what concernechealth
numeracyThat evidencerovided besiderelevant instacesof implementatiorof the construct

assessment, good basidor theoretical considerationfurthermorenumeracy level tthalso

been related with several individuahd contextual featuredefinitely relevantfor the issue at

study.

Indeed, it hadeen demonstrated that those who are highly numerate have more ability to

retrieve and use appropriate numerical principles, tend to be better at reading graphical aids

(e.g., ZigmuneFisher, Smith, Ubel, and Fagerlin, 200#nd torely more on numeric rther

than verbal risk information from physicians (e.g., Black, Nease, and Toteson, 1995;
Gurmankin, Baron, and Armstrong, 2004), and what is more relevant for presenteaith

be less influenced by presentation format effects, like framing (Reyn&soiNeHan, and

Dieckmann, 2009). By contrast, those who asshumerate would perceive higher degrees of

37 Among other skills, health numeracy includes indeed even the ability to assess the magnitude of risks,

compar e l' i keli hood val ues, and Afunder st amld deci ma
frequenci es, as these are the formats in which risk
(Reyna et al., 2009, p.946). As authersphasized, though, these abilities are not possessed by everyone,
but only by those who can be classifieds at t he hi ghest | evel of numer acy
basic logic and quantitative reasoning skills, knowing when and how to perform multistep operations, and
an understanding of ratio concepts, notably fractions, proportions, percentages;, andb a b i | i t i es [ é] ¢

945), Such levelthough, is rarely achieved even by highly educated people (e.g., those with a University
degree), or experts (e.g., health professionals). In a study of Estrada, Barnes, Collins, ap@@)rb(

instance, a défitely low degree of ability with numbers wahowedeven in health personnel (e.g.,

medical students, nurses, doctors). Findings of that survey represented the practical demonstration that the
education | evel is a mislewdabgl ptgpxyasofnedondavi doa
not ensure grade e v e | skills, and this is particularly true
p. 948). In a similar way, Dehaene (1997) had already indicated that education attainment is not the
proper factor to define numeracy: despite the fact children spend a significant amount of time learning the
methods of mathematics at school, they might nevertheless not really comprehend how to apply those

rules even in adulthood. Hence, numeracy has bleémed as an individual trait, as its degree has been

shown to vary substantially across individuals (e.g., Lipkus, Samsa, and Rimer P20éxs, Vastfjall,

Slovic, Mertz,Mazzocco, and Dickert, 2006).
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risk (i.e., overestimation of a probability), and would also lack a clear affective understanding of
numbers (Peters, Vastfjall, Slovic, Mertz, Mazeo, and Dickert, 20Q6but see Reyna and
Brainerd, 2008). This lack of numerical skills would represent for them a crucial deficit,
resulting in reduced medication compliance, difficult access to treatments, impaired risk
communication, and poor medicaltoomes (Reyna and Brainerd, 2007). Low numeracy ability
has also been associated with greater susceptibility to extraneous factors, like effects, of mood
or the way information is presented, as well as biases in judgment and decision making (Reyna
et al., 2009, see also paragraph 1.1.3 in Chaptéwr2a more detailed description). Among
systematic tendencies, even denominator neglect has been documented (see Peters et al., 2006),
showing thathn u mer acy af fected part i-optimplaRaid-kéadtypgper f or ma
study involving the classic urn and balls game of chance.
For all the reasonsist mentioned it was expected that our study
could influence the degree to which they would have been biased by the variatiperfitizd
details like the magnitude of the numbers employed in raied to express probability.

For what concemthe choice of the inventories to assess the numeracy construct, both
an objective and a subjective scale were used in the studies. Wistibetween the two types
of scales has been made in the literature based on the perspective of assessment for the
construct. While in the case of objective scal ¢
outsided by means irpeforntaecs, tinsthe seadnd aade die.j sulgectiteh e
inventory) selassessment of the level of confidence in numerical ability (i.e., subjective
evaluation) takes plate
As objective scale, the one ideated by Lipkus, Samsa, and Rimer (2001) has kssm cho
seemingly, lhe inventory is seemingly one of the most used in decisi@king research, likely
because its devisers expressly linked performance on such a scale to the way people perceive
risk. Lipkus et al . 6 s oenctleelbais oftixGEnle bf Stheastz, been d
Woloshin, Black, and Welch (1997), a thiiemm inventory that testet) the understanding of
the chance concept (filmagine that we flip a fai
how many times the coinwould comep heads? X ti mes @uwteopfl ebHs000
ability to convert a percentage |ike 1% into a
BUCKS LOTTERY, the chance of winning a $10 prize is 1%. What is your best guess about
how many people wdd win a $10 prize if 1,000 people each buy a single ticket to BIG
BUCKS? __ person(s) @&uhe abiitytocbnverta frapgrtion likerddn f i nal |
1000 into a percentage, namely into 0.1% (filn
chance of wining a car is 1 in 1,000. What percent of tickets to ACME PUBLISHING

% Yet, one more distinction in objective scales lieeen made depending on whether they focus on
numbers rather than onsai t uati on or a specific disease- with t}
general 6, whi | es ptehcaRéghacetal.n2D09¥i di seas e
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SWEEPSAKES win a car? __ _%.0) . Beside a minor
items (dice instead than |l ottery scenari os),
questons referring to the health sector domain (but to non specified diseases/infe&uars).
expanded scale measures how well individuals can perform easy mathematical operations on
risk magnitudes using proportions and percentayews, well they carconvertpercentages to
proportions and viceersa,or convert probabilities to proportions (for the complete list of items

see Study 1.1of Section 1, in which the scale has been used).

As a subjective measure, instead, the Subjective Numeracy Scale (SNSgrihfFaigkmund

Fisher, Ubel, Jankovic, Derry, and Smith (2007lidated by ZikmuneFisher, Smith, Ubel,

and Fagerlin (2007has been used, see Study 2.2 (Section 2). Indeed, recently, some subjective
measures have been proposedadisl substitutes of bjective numeracinventoriesjn that they

do not contain mathematical questions and have no right/wrong an3weksshowed to be

good proxies for the objective concept of numeracy (see introduction to Study 2.2.)
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SECTION 1, or

A new bizarre systematiceffect

In the present section, two studies are exposed. In Study 1 it will be showed that the probability
of a clinical condition was subjectively perceived as higher ande mmrrisome when
expreskie20@as hian wh e nb5ia X0p@ by womendvhoanere fregnant or

had just given birth to a child. In Study 2, the effect was generalized to both genders in an adult

population.
Study 1.1
Goals
Studylwa i ntended t bin?206insead oificgralO0s foimht used té convey
the same .005 medical ri sk affected patientsd s

the literature previously reviewed, two antithetic hypotheses were putted forward:

Hypothesis 1: According to the theories reviewed in Section 1 of Chapter 2
(suggesting that, when evaluating probability conveyed through a ratio, people
show a tendency to neglect denominators antb judge on the basis of the
magnitude of numerators), a higher magnitude perception should be observed for
a probability expressed asfi5 in 100 than as il in 20® even in single

presentation conditions.

Hypothesis 2: According to the group-diffusion effect described in Section 2 of
Chapter 2 (suggesting that people neglect numerators, rather than denominators,
when they evaluate a probability conveyed through a ratio), a higher magnitude
perception should be expected for a probability expressed & in 200 than asfi5

in 100 when both terms (i.e., numerator and denominator)are explicit.

It was hard to lean toward onetbbse hypotasesather than the other, given that, as affirmed

in the description of the rationale for the studies, neithgrerimental designs and material

employed in one groupf theoriesnoint he ot her 6s exactly r@mproduced
the presentlissertation Nevertheless, following data of the literature on numerical cognition
(seestudieson the difference between encoding of small and large numibersnteger ones

only, for instancethat onWe b e r 6 &e., Feehmer, 1860)intuitively it was judged more

likely that individuals would assign higher evaluations of probability to ratios employing larger
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(i.,e., 5 in 1000) rather than smaller (i.e., 1 in 200) numbers, even in single presentation
conditions. It was reasoned, thary likely individualswould havegiven anassessient ofthe
magnitude of the ratio by looking at the magnitude conveydubth terms (i.e., the numerator

and tle denominator): the higher the numbers were, the higher the perceived probability for the
event.Thus, Hypothsis 1 was thought of as the most likely one.

The same hypotheses (1 and 2), and the same logic adopted for perceived probability
were deemed as valid for the degree of warpressedor the outcome. Instead, it was
thought, thaseverity should have ntieen affected bg format effect,sincethe severity of an
outcome is a judgment @ eventasalready occurreghence, no probability is involved, but
certainty).

Finally, it was reasoned diie possible rolén perceived probabiltp f peoplyebs f aci
with numbers and probability concepts. In accordance with the literature demonstrating that
those who are highly numerate tend to be less biased by presentation format effects (e.g.,
framing, see Peters and Levin, 2008), it was expected that those gHessncompetence in
performing numerical operations and dealing with the concept of uncertainty could also be those
showing a higher degree of influence of the ratio format in which the probability was expressed
(smaller/larger numbers in the numeratod atenominator of the ratiolsee Hypothesis 3,
below. Indeed, those that would be classified as low humerates were expected not to possess the
necessary abilities to draw a meaning from the probability information communicated through
the ratio format, bexwuse of their difficulties with numbers, proportions, and more generally
with the concept of probability. As a consequence of that, it was likely that they would have
tended in a larger measure than the other participants to rely on a heypistaf praessing of
the information, one for instance where superficial details like the absolute magnitude of the
numbers employed would be determinant for the probability assessment. On the contrary,
thanks to their higher ability with numbers and the idea obaidity, high numerates were
expected to be less (or not at all) prone to the inaker studylikely because of the supposed
higher capacity to draw a meaning from the probability information communicated. Thus, the

hypothesis on numeracy was:

Hypothess 3: More numerate individuals should be less susceptible to numerical
format effects in perceived probability (i.e., 1 in 200 perceived as conveying a

smaller/larger probability than 5 in 1000).

Method
Participants.A total of a 63 women, patients ofhaspital in North Italy, took part in the study
voluntarily. The large majority of them (74.6%,= 47) were recruited at an eptat i ent s 6

(gynaecologist), some of them (23.8f6= 15) at the Sterility Centre of the hospital, while one

67



Empirical gudies

person was recruitein a maternity ward of the hospital. In the present study and in the others
described in this dissertation (where not specified differently) individuals did not receive reward
for participation.

Mean age was 33.63 yea®[0= 4.71), varying between a niinum of 22anda maximum of

45 (one participant did not disclose her add)st of participants had completed high schaool (

= 33,53%) or had alreadst University degreer(= 21, 34%), and only few of therm(= 8%)

had completed the lowest education leweltaly. Almost all women 1§ = 61, 95.2%) had an
occupation at the moment of survey completion, and only one was unemployed (one person did
not answer to this question).

The large majority of women (87.1% = 54) were pregnant at the moment of survey
completion, 8 (12.9%) had just given birth (one person did not disclosafibimaion). The
thirty-nine percenpf them @ = 24) had already one or more children, while the remaining
60.7% 6 = 37) did not have children (2 people did not answer to théstipn).

Design and material.Participants read a scenario (for the exact wording, please see the
AppendixX®) where they were exhorted to imagine that one of their friends had just bought a trip

to an exotic country. They were informed on the statistisil of contracting malaria in that

country: the probability was expressed through a numerical ratio. The single independent
variable manipulated betwesnbjects in the study was the format in which the value of the

probability could beexpressd. Indeedits numerator and denominatwere numbers thaould

be comparatively smaller or largeln thefirst case (i.e., smaller numbers), the ratio usedwas

in 200°, while in the second case (i.e., larger numbérg),1000 was used.

Four dependent varilds were assessed: the subjective magnitude of the probability of
infection, the degree to which this information would be found worrisome by patrticipants, the
perceived severity of the healtblated outcome at stake (i.e., malaria), and the degree of

pat i ci pantsd® numeracy.

Perceived probability was measured by asking a
of contracting malarigoing to Kenya on a sevgrointL i k e r t scal e anchored t
and fal mo alltpoints éenrthis @and rhother scales employed in the present study were

verbally labelled. Similarly, worry for infection (in the hypothetical situatimatthe participant

would goto Kenya) was measured on@d@intLi kert scale anchored to fn
Aver yh mwaoriedo. Finally, percei vedgoinslekerer i ty of
scale anchored to fver ythisqeston lead to benreversé scored at al

for analysis

%The experimental material of all thstudies described in this dissertation (where not specified
differently) is reported in the Appendix.

%1 in 200 is the approximated and rounded frequency of fetuses with Down syndrome to normal fetuses
at 16 weeks of pregnancy for a-g€ar old woman (Ho&, Cross, and Schreinemachers, 1983).
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On a separate page, participants read thgebl inventory neasuring numeracy, substantially
corresponding to that of Lipkus, Samsa, and Rimer (2001) apart from minor changes not
altering its sendé

Procedure.Each participant was randomly assigned to one of the two conditions (numbers in
the ratio format: smadk/larger) constructed to follow the experimental design. A paper version

of the questionnaire was handed out personally to each individual by the experimenter after the
participant had read and signed an informed consent form. The completed copiedleetezico

by the experimenter who also debriefed participants on the study aims. Individuals could
complete the questionnaire at their pace, without any time constraints.

Ethical approval.The study required an ethical approval because it was addressegdoial
population (i.e., patients, many of them preghant women). Under the requirement of the Clinical
Ethical Committee, the questionnaire did not include any sensitive question that participants
might feel unconformable answering. Indeed, the scerangoyed in the questionnaire should
have included thdoctorpatientcommunication of the probability of having a child with Down
syndrome, rather than the probability of contracting malaria in an exotic cottuwever

Down syndrome had to be substdtwith an outcome not directly related to the current health
condition of participants, irsucha way to possibly avoid anxiety in the already sensitive
individuals. For the same reason, the risk mentioned in the scenario had to attributed to a
participan 6 s fri end instead than to the participant
Anonymity and confidentiality in the treatment of the data gathered were ensured to
participants.

Statistics.Most of the analyses of the present study and of those described in this dissertation

were un by means of widely known analytical tools available in SPSS.

Results
Perceived probability, worry, and severity. Figure 1 displays the mean values of the three
dependent measures as a function of the ratio format used to communicate the prob#islity in
two experimental conditions of the present study. The visual inspection of Figure 1 immediately
suggests that changing the ratio format <change
as well as the degree they found it worrisome, while rettifig the subjective severity of the

negative event (i.e., malaria).

“IA as question number 5 of the original expanded numeracy scale included two subquestions (i.e. A: how
many people [é] out of 1007, and B: how many peopl e
separate quetions to increase its clarity.
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m1lin 200
m5in 1000

Probability Worry Severity

Fig. 1. Subjective ratings of probability, severity, and worry for the outcome, as
a function of ratio format in the two experimental conditions

Thisvisualimpre si on was conyr med by a “nRatiotformathadi at e an
a global impact on the set of dependent meas(@s59) = 2.84,p = .045,d,2 = .13. This

global impact, though, was the result of a localized impact on the probability ang worr
measures, rather than on the severity measure. The subjective magnitude of the probability was
3846D= 1. 08) when i in20@aand 3dbFDa &.27dwhenst was phrased

a s5iMm100@, a signiydael) =al3lp+ .62rdg=.e9%A higher perceived

probability was detected in the format using smaller instead than larger numbers at the
numerator and at the denominator, contrary to what expected. Similarly, the degree each
participants would worry about the risk was 5.8 € 1.22) when the probability was phrased

asfil in 20®, and 4.23%D= 1.50) when it was phrasedf@sin 1000, a si gni ycant di
F(1,61) = 7.32p = .01, d,?>= .11. However, the subjective severity of malaria was the same in

the two conditionsNl = 2.31,SD= .82 vsM = 2.45,SD= .72),F(1 61) = 0.51p =.48,d2 ~ .01.

Thus, results of this first part of the analyses supported Hypothesis 2, but rejected Hypothesis 1,
contrary to our expectations.

To further establish that the increased worrypressed by the participants in tliig¢ in
2000condition was mediated by an increase in subjective probability, a path analysis by means

of a series of three regressions was condudted ratio forma(dummy coded, O standing for

fi5in 100@0) wa s ant psedigian of fioev anuch the risk was worrisorae,shown by the

standardized regression coefficidmt= .33,t = 2.7,p=. 0 1, and a signiycant

2 Except when differently statedil tests used a critical alpha value of .05, and thelpe presented is
for a twotailed test.
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subjective probabilityp = .31,t = 2.5, p= .01. Subjective probability also was a significant

predi ctor of how worri some t heWhenratik formaand b = .
subjective probability were simultaneously entered as predictors of how worrisome the risk was,
subjective probability remained a significant predictos .57,t = 1.5, p = .15. A Sobel test

(value of which was 2.3 = .02) confirmed that the contribution of the ratio format dropped

significantly when subjective probability was entered into the regression.

The moderating role of numeracy.The overall percentage obrect responses to each of the

11 items of the Numeracy scale is presented in Table 1. Performance on single items was
comparable to that found for a sample of adult people in Lipkus, Samsa, and Rimer (2001, Exp.

3) and highlighted the difficulty with soensimple questions testing rather basic abilities

required in important decisions (see, for instance, items 2 and 4).

The mean numeracy score was 7.11 out of 11 possible (rabfje Because the distribution

was highly skewel (see Fig. 2), a median sp{Mdn = 8) was performed that allowed to form

two groups, one including those participams=( 3 ligh nuinerate8 f r om now on) who
more facility with numbers and calculations (8 or more correct items on the scale) and the other

(n= 3lbwnurfiereed from now on) those who-7wemect | ess a
items). When the two groups were analysed separately for the main dependent variable (i.e.,
probability perception) according to the ratio forfhiaMannWhitney test® returned a non

significant difference in the two experimental conditions for low numera@tes.95, p = .34),

but a significant difference for high numeratés (2.54,p = .01). This finding, in contrast with

Hypothesis 3, meant that, only among the high numerateiparits the 1 in 200 formatas

perceived as indicating a significantly higher probability than the 5 in 1000 format, while

instead low numerates did not perceive any difference between the two formats.

3 The distribution of the Numeracy scale was not normal (Kolmog&mirnov statistic = 63, P =
.001).

“ This procedure isimilar to that adopted in Peters, Vastfjall, Slovic, Mertz, Mazzocco, and Dickert
(2006).

“>Non parametric tests were employed since the numerosities in each of the groups wererico36yv (

to apply parametric tés
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Table 1
Overall parti ci pan ofghé itepme qorhposing then Muenerdcyoinventarg h
employed, in order of decreasing accuracy
Percentage
ltem correct
8. If the chance of getting a disease is 10%, how many people would be ex 81
to get the disease out of 1007 | |
9. If the chanceof getting a disease is 10%, how many people would be exp: 79
to get the disease out of 10007 | |
6.l f person Abdés risk of getting a d 78
doubl e that of Abds, what is Bobés r
7.1fperon Ads chance of getting a di sc¢ 73
risk i s doubl e of t hat of
I put of | I
5. Which of the following numbers represents the highest probabjlityfd %, || 73
10%,|__|5%
10. If the chance of getting a disease is 20 out of 100, this would be the sa 71
having a __ % chance of getting the disease.
4. Which of the following numeérs represents the highest probability?|1 in 61
100,|__|1in1000,__|1in 10
2. In the BIG BUCKS LOTTERY, the chances of winning a $10.00 prize is 57
What is your best guess about how many people would win a $10.00 pi
1,000 people each b single ticket to BIG BUCKS]? |
1. Imagine that we rolled a fair, sbided die 1,000 times. Out of 1,000 rolls, he 54
many times do you think the die would come up even (2, 4, dr 6)? |
3.In the ACME PUBLISHING SWEEPSTAKES, théance of winning a car is 44
in 1,000. What percent of tickets to ACME PUBLISHING SWEEPSTAK
win a car? %
11. The chance of getting a viral infection is .0005. Out of 10,000 people, ¢ 38

how many of thenare expected to get infected? |

12

10

N of participants
»

1 2 3 4 5 6 7 8 9 10 11 12
N of correct answers

Fig.2.Di stri bution of participant
overall score in the Numeracy scale
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Discussion

Using either 1 in 200 or 5 ih000 when communicating.@05healthrelated risk induced a bias
in the degree of perceived probability. However, this distortion was not in the direction
suggested by studies consistent with the idea of denominator neglect implied in explanations
descrbed in Section 1 of the theoretical chaptehich we had intuitively supportedndeed,
patients who would neglect denominators when assessing probability ratios would pésceive
in 100® as conveying a higher probabilitthan fil in 20®, and not the cdrary, as present
results instead showedhus, fndings were congruent with Hypothesis 2 suggesting that people
neglect numerators, rather than denominators, when evaluating a probability conveyed through
a ratio in single presentation conditions, atdt they focus on the magnitude of the
denominator. Indeed, a higher magnitude perceftioprobabilitywas foundwhenexpressed
asil i nthaR &M i n Hawker)applicability of the grougiffusion explanation
implied in the findinggo the preent case was perceived as rather awkward. Could it be, that
peopleds higher percei ved p-affeded dhiidldétectgdindhe havi n
1 in 200 rather than in the 5 in 1000 condition be due to a lower feeling of safety when being
alone (compared to when other 4 possibilities were tha® in the 5 in 1000 cgSeThe
guestion was challenging, bulich explanation had, anyway, to takenwith caution, given
thatpresenexperimental design and material were different fthoseused ingroupdiffusion
experiments.
Undoubtedly, m st e ad, peopl eds evaluative behaviour p
expressions of probability correspond in fact to the same vl Looking at it from the
point of view of classic economic theory,was a case of contravention of the invariance
principle, as completely fArational d peopl e sho
the presentation format of problemt.people could really grasp the numerical meaning of
proportions and ratesand had a clear understanding of those numbers, the prob#indity
perceiveshould havenot varied depending on the format uded expressionHowever, it is
known instead, that 1) the human representational system for quantities is not a perfect one,
that mental representation of numbers follows some rules that result in well known simplifying
effects (see, for i nst anc e, that®draceonséand radiosdre Fe c h n e !
especially hard concepts for the human mind (see, farnstHecht, Close, and Santisi, 2003).
Thus, considering that no objectively #Arighto
appropriaten ot t o t al k about fia affimahattheynsed somegkiadrof i ci pant
heuristic based on treuperficial features of the stimuli (i.enagnitude of the numbers in the
ratios) to build a personal assessment of those quantities.

Worry for the condition showed a tendency similar to that described for perceived
probability, but when investigating éhcausal direction between these two variables, it was

found that people judged the risk more worrying because it was evaluated as more probable, and
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not vice versa. In accordance with that, it was decithed in Study 2, and in the next
experiments, focsl of research would have mainly been on the subjective assessment of
probability.

The third construamneasuregdnamelyperceived severity of the outcome, did not show a
significant variation across the two experimental conditions, as hypothesized.

Furthemore, data highlighted a general lack of understanding of both the concept of
fractions/ ratios, and of that of risk. Although the predictions were that low rather than high
numerates would be those more exposed to the bias, because of their higheofddiffrealty
with numbersfindings showed the opposite. Indeed, the high numerates were those perceiving
a difference between the two formats in the degree of probability conveyed, with the 1 in 200
ratio expressing a higher probability than the 5 i6Q6ne It might be, that ighly numerate
individuals showed the bias because thegrenvthose who really processadimerical
information of the ratio expressions. Low numerate individuals, insteadld have not
procesed numerical information, and thewmwf did not show the bias¥hatever the right
interpretation, avertheless, these findings called for a replica given the low number of

individuals tested on whose basis the analyses were performed.
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Study 1.2

Goals
In Study 1 a bizarre bias in probabily eval uati on was detected shc
irrational tendency to judge the same headtlated probability value as higher if stated
through a ratio employing comparatively smaller (i.e., 1, 200) rather than larger (i.e., 5, 1000)
numbers at thaumerator and denominator. The result was clearly inconsistent with the idea of
denominator neglect suggested by Chapter 2 Secliomlstudies, and expressed in
Hypothesis 1. Instead, it was coherent with Hypothedislide with the theories reviewed i
Section 2 of Chapter 2, suggesting that, when evaluating probability conveyed through a ratio,
people show a tendency to neglect denominators and judge on the basis of the magnitude of
numerators.

Study 1.2 aimed at achieving two goals, namely

1) to repicate the main resuliobtained in Study,lextending it to the Down syndrome
domain, and to the general adult population;
2) to verify if the bias could be moderated by the perceived severity and the familiarity

with the clinical condition.

Regarding tk first goal, i.e. replica, beside the obvious consideration that a tendency
found only in one study should not be taken seriously unless replicated, other reasons urged us
to replicate the findings. First of all, it has to be considered that the populesied in Study
1 included a rather sensitive group of individuals (i.e., pregnant women, and new mothers),
thus extending the finding taonsensitive individuals (i.e., general populatiavds seen as
advisable. Secondly, the effect had been testedamen only, thus both females and males
were meant to be involved if the aim was that of generalizing results to all the adult population
(i.e., prospective parents of both gendem)ird, in Study 1 the outcome was fictitiously
attributed to a friend, #t is a person who is close to the protagonist but nonetheless is not the
protagonist (for the differences between self and other perspective, see e.g., Kirkpatrick and
Epstein, 1992). Beside the fact that sed#ther than othergerspective constituteduo real
object of interest, a replica of the effect in salfibution conditions seemed also more
ecological, as in real life many more situations see people faced with choices related to their
own health rather than to one friendds or rel at

The £cond goalconsidered the fact thgerceived severity and familiarity with the
disease coultiavebeentwo potential moderators of the effect found in perceived probability,

because some studies have argued for an influence of the availability of exarhpbses
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involving the occurrence of the health outem on its perceived probabilitythe greater the
availability, the greater the probability of the outcome would seem. For instance, Gates (2004)
mentioned the moderating role of already having, or kngwomeone who has, a child with a
particular birth defect. According to the author, for such a person it would be easier that
examples of disabled children be brought to mind by a communication of risk related to birth
defects than for another who doest rhave similar familiarity with the issue. As a
consequence, such person would perceive the same probability of the risky outcome as higher
thana person who does not have a danidegree of familiarity with the issutn a analogous
directoncanbeciasi f i ed Wert z, Sorenson, and Heeren
a disabled child tends to be interpreted as higher if a woman has personal experience with an
affected child than if she does n8tholarsindeed, found that having a disabledalait home

was associated with a more pessimistic interpretation ofthii that of people without an
affected child at home, an interpretation which in ttended toproduce a higher risk
perception

Thus, summing up these considerations with thermalgieed of lbadening Study 1 findings to

the general population, three were the specific hypotheses for the present study, namely:

Hypothesis 1:Probability will be judged as higher when expressed adl in 20®
rather than asfi5 in 100@.

Hypothesis 2 Those individuals who perceive greater severity of the diseasdill
show the bias (i.e., 1 in 200 &in 1000) to a greater extent.

Hypothesis 3: Those individuals who are more familiar with the healthelated
outcome (i.e, that already have, or knowsomeone who has, a Ds affected child)

will show the bias (i.e., 1 in 200 > 5 in 1000) to a greater extent.

Method
Participants.One hundred and thirfpur individuals (90 women, 43 men, and 1 individual not
reporting the gender) from the general popafatook part in the study voluntarily. They were
approached at several public locations (e.g., libraries, IT rooms, common areas), mainly in a
University in North Italy The experimenter asked them individually to participate in the
researchMean age oparticipants was 24.90 yeaS¥= 8.14, ranging from 18 to 6@)lany of
them (47%) were University students. Accordingly, education level was fairly high, as 80.5% of
the sample had completed college= 95), 16.1% 1§ = 19) had a University degree, and 1
person had a higher level education, while 3 participants (2.5%) had the lowest level of

education in Italy (6 participants did not answer to this questiimg. large majority of the
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sample 92% ( = 102) had no childrer(13 individuals did not answeo tthis question). The
majority of participantsri(= 107) did noteportwhether they had beem notcommunicated the
probability of having a child with Down agrome by a health professionahly 2 of those who
answeredi.e., 11.8%xid it in an affirmaive way.

Design and materialParticipants read a fictitious scenario describing a couple of paoeiés

being communicated by the gynaecologist the mategalprobability that their child would be
affected by Down syndromé&uch probability, expreed through a numerical ratio, could be
expressedn two variants the single factor manipulated betwesnbjects in the study: the
magnitude of numerator and denominator was modified, and could be either comparatively
smaller (i.e.fil in 20@®), or compartively larger (i.e.fi5 in 100@®).

After having read the scenario (whose instructions asked teplafeone of the protagonists,
namely, Anna, the moth¢o-be, if females, or Luca, the fatherbe if males), participants
were asked to rate within thisontext their subjective perception of the magnitude of the
probability of having a Down syndme affected child on a-point Likert-scaleanchored to
fiextremely lovd  a exttemély higlh with all points verbally labelled. Next, two further
guestions follaved. The firsguestionassessed the perceived severity of the disease -poiats
Likert scale from fAnot a'fwhielthe sesoadvoaer asséssed the fie x t r
degree of knowledge of the disease in terms of personal experiences \pith gféected by the
condition (i . e . , fi- f f@ar nthe | expeerimierttay anaterial employed, please see the
Appendix’.

Procedure.The study was described as part of a broader studiglonommunication. A paper
version of the questionnaire was handetpmrsonally to each individual by the experimenter,
who later collected the completed copies and debriefed participants on the study aims;
individuals could complete the questionnaire at their pace, without any time con®traints
Participants were randoynlassigned to one of the two conditions constructed to follow the
experimental design. A minimum of 30 participants per condition was necessary to make
statistical comparison valid. Individuals were allowed an unrestricted amount of time to

complete the gestionnaire.

8 This time, severitydid not measure the probability of the outcome, but the outcainee i.e.,

iAccording to you, how serious is Down syndrome?0 i
be the X probability of having a Down syndrome affeated i | d ? O
AL the questions in the questionnaire appeared

attention tathe information presented in that omlgige the question on perceived probability appeared in
the sane page as the related scenario

8 The same procedure was employed for all the other studies reported in the present disa&Hation
not differently stated, thu& will not be repeated in the next studies.
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Results
Data of ten participantsad to be removed from the sample because they declared not knowing
how to rate the seveyiof the Down syndrome diseadekely, their probability assessmeot
the ratio was not the result ofsaund evalation. Thus, the final number of participants in the

sample was 124.

The effect due to the magnitude of the numbers employed in the ratiRatio format had an
impact on the main dependent measuramely perceived probability, as showed by the
significantresult ofat-test comparison of theans in théwo experimental condition§122)=
2.60,p = .01. Indeed, the subjective magnitude of the probability was S5 (1.43) when
that was phrased @ in 20®, and 3.12%$D= 1.27) when it was phrased @#sin 100®. Thus,
Hypothesis 1 was supported by data.

The influence of perceived severity of the disease and familiarity with the diseagem of

these analyses was that of understanding whether the format bias (1 in 200 > 5 in 1000) was
greater/lowethe same for a) those individuals that perceived the possible outcome as highly
severeand for those who perceived it as lowly sevére., severity variable); b) those
individualswho were familiar to a lower vs. greater extent with the disaader stdy (i.e.,

familiarity variable).

a) Neither the median split{dn = 3), nor that on the basis of the38nd 68" percentiles
(i.e., 3 and 4) on the severity measure returned groups that could be edmparms of
numerosity see Table 1. Indeed, the jmdty of the sample was distributed betwetbe
two answers, namelghat affirming that Down syndromeisfaequi t e severeodo di se
of the samplen = 57),and that affiming itisd ver y discase&20%, 0 = 36).
Hence, it was not possible tastdHypothesis 2.

Table 1
Distribution of participants according to the perceived severity of the disease
(Down syndrome)

Answer  Frequency % Valid %
Not all sever: 3 2.4 2.4
Slightly sever: 19 15.3 15.3
Quite sever 57 46.0 46.0
Very severe 36 29.0 29.0
Extremely
sever 9 7.3 7.3
Total 124 100.0 100.0
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In a similar way, unfortunately participants
the disease was highly skewed, because the majority of answers were either"81f tfiel 2

have seen Down syndrome affecfe¢ opl e but never i flansweracted wi
(Al have bgewitimtteheamn,t i bhaee Talslep2 Thadt was adt | y 0)
possible to split participantsn the basis of the me&amiliarity measurenoron that of the
medianfamiliarity measureas correct analyses would requjrieoth procedures resulted in

largely unbalanced groups.

It was decidedneverthelesgp try some explorative analyses, dmehcesuch a different
dichotomisationof participantswas created. When those participants occupying the most

extreme positions on the variable were excluded from analysis (i.e., those who had never

heard about the diseases 12; and those who had been interacting with, or normally used

to interact with, Davn syndromeaffected peoplen = 17), the remaining participants were

split in two groups, namel y trh=04d4 @G.e.,fhbse wl vy f an
who declared to have heard about Down syndrome disease, but never seen a person
affected by thedisease, and those who stated they have Besm syndromeaffected

peopl e, but had never been interacting with
the disease]n =59 (i.e., those who haventeracted, even if sporadically, with people

having Down syndromg While there was no effect due to the format of the ratios in the

former type of participants Z = - .68, p = . 50), the latter instead showed the bias in

perceived probability4 = - 2.00,p = .046). Thus, despite these results would aallaf

replica, it can be affirmed that Hypothesis 3 was corroboiatethta

Table 2
Distribution of participants according to the declared degree of familiarity with
the disease (Down syndrome)

Answer Frequency % Valid %
Never heard about 0 0 0
Heard about but never se 12 9.9 9.8
Seen but never interacted w 32 26.4 28.5
Interacted with, but sporadica 59 48.8 48.0
Frequently interacted wi 17 14.0 13.8
Total 123 99.2 100.0
Missing answer 1 0.8
Total 124 100.0
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Discussion

Study 1.2 generalized the effect descrilb@dfemale patientsn Study 1 to the general adult
population and for the risk that was thetualobject of studyof the presentvork (i.e., that of

having a Down syndromeaffected child) In particular, it wasfound that when evaluating a
probability, | aypeopl edbs perception was influe
in the ratios: Usingil in 20@ resulted in a larger probability perception than ugimin 100® |,
despite corresponding to the safi@5 probability Such bizarre bias was found not only in the
case the outcome at study was described as potentially affagtiengon which wsaclose to the
participant (i.e.afriend, see Study 1), but also when tlatigipant her/himself was the pers
potentially affectedy the outcoméi.e., in selfperspective, see Study 2).

Unfortunately, it was not possible to test whether the perceived severity of the disglase
influenced the bias under examination, due to the fact that an exact medimasppldt feasible
(seethe highly skewed distribution of participants along this varjablée same has to be
affirmed for what concerned the level of familiarity with the disease, but when those individuals
at the extremes of the scdjiee. those thatan be considered in the dark about the medical
condition under study, and those, that on the contrary, are completely familiar witerdt)
excluded from analysis, familiarity level showed an interesting mediating effect on the
appearance of the bias undtudy. Indeed, only participants that had high familiarity with the
disease showed a higher probability perception for the 1 in 200 rather than the 5 in 1000 format.
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SECTION 2, or

Boundaries of the bias

In Section 1, a new bizarréds has been estéiied: When the sanm@obability of a medical
outcome was expressed through a ratio foriteperception was systematically higher when

the numbers in the ratio were smaller (i.e., 1 in 200) rather than larger (i.e., 5 in 1000). In the
present sectionjxsexperiments are presented.

In Study 2.1, the bias in probability perception found in Section 1 will not only receive
additional corroboration, but further extension to those less frequent but still possible cases
where a ratio employs a larger denomimati.e., 10,000). Indeed, it will be showed, that in
terms of probability perceptiorsin 200 > 5 in 1000, and also that 1 in 200 > 50 in 10,000.
Exploratory analyses conductedn i ndi vi dual despitedognerous problemsst yl e (
blurring indexes onwhich basis the categorisatiomill be madg will reveal an apparent
association of the bias withn d i v expariential/ 8core. Nevertheless, the expected higher
appearancef the bias in thosendividualshigh in experientiality compared with thok®v in
experientiality will notmanifest on the contrary, low experientials will be thosigowing a
strongerbias, pobably because they elaboratagmbers at least to a certain degree. Finally, in
this study previous results showing that a high levelusheracy is associated with the bias (see
Study 1.1) will be confirmed with a subjective measure of the construct.

In the next study (i.e., 2.2), it will be showed that the bias extends well beyond the
specific numerical ratios considered till then, asvill prove valid for comparisons between
proportions (i.e., ratios in &l in X0 format) and rates with 1000 as denominafbhe
systematic tendency to perceive the same probability as higher when expres$édinnXa
than in a generidiN in NX0 forma will be dubbed thefil in X effead as effect of the
generalisation of results to ratios with that superficial structure

Study 2.3 will confirm the validity of the bias when rates using 100 (120, to be precise)
as denominator will be employed; furthemap exploratory analyses on the degree of
understanding of thievo types of formatwill confirm results obtained in Study 2.2 on the same
variable but through a different inventory. Indea@da similar fashionno difference will be
found betweeriil in XoandilY in1 0 0 6 ( d00®)fionats in the difficulty they pose for
comprehension an unexpected resuif one consides claims of a higher difficulty of
proportions rather thaof ratesstemming from the literature

Till then, results will seem toonverge on some specific features offilheén Xo format.

A further study, i.e., 2.4, will be conducted to exclude, that the higher probability perception for
fil in Xothan forfiN in NXo formats found reflestin fact a general focus on the denominator of

the ratio, rather than a specific effect of ffile in X6 format. It will be showed that such

81



Empirical gudies

possibility is very unlikely, as the probability perceptions of two equivalent ratios, none
appearing in formats featuring directlyfd in X0, will not differ significantly. However, a

direct comparison between pairs of equival@itin X0 andfiN in NXo0 formats, and pairs of
equivalent N in NX formats will be deemed as necessary to demonstrate, that only wiien the

in Xo format is present in the comparison, théeef in perceived probability manifest itself.
Such demonstration wile showedn Study 2.6, where the idiosyncrasy of filein X6 format

found for abstract ratio values (namely, not referred to an outcome, see Study 2.5) will receive
further confirmatbn in a contextualized situah. Indeed, while people wiljenerally tend to
transform ratios expressediiil in NXo formats andthey will not do that witha ratio infil in

Xoformat.
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Study 2.1

A special thanks to Sandra Eccel for collection of daéggnted in thistudy

Goals

Studies 1 and 2 of the previous section assess:
to two specific ratio formats (i.e., 1 in 200 and 5 in 1000). In particular, the bias consiated in
irrational tendency to jugk the same healtielated probability value as higher if stated through
a ratio employing comparatively smaller (i.e., 1, 200) rather than larger (i.e., 5, 1000) numbers
at the numerator and denominator.

The first issue addressed in the @sent study washe following: What about this
tendency when numbers even higher than those already analyzed are used in the ratios? Despite
probably less frequent in fate-face communication, the employment of large numbers in a
ratio expressing a probability takesapé even for medical risks. It is especially the case of
massmediadriven communications on basa&tes of events happening in a population. But it
can also be the case of a physigitient communication, when for instance the doctor is
suggesting vaccation against a disease to her/his patient about to go on vacation in an exotic
country. Or, that of different treatments for a disease in terms of survival rates (i.e., number of
people that get completely cured, for instance, per 100,000 people). -Rataimero and
Galesic (in presb, p. 1), for example, referred to the recent case of communications on swine
pu pandemic deaths (fiabout 5co0bydmathsases DN
worl do), and that of i nf oirmatthe nUrint d du nli raghddo ns
5.7 deaths per 1 0 Gs éxanple @f ¢he psk ef ratios emplpytagye O )
denominators
If in similar cases, the use of large denominators can be necessaeytheless, grasping the
meaning of such numbemay be particularly difficult both for laypeople and specialfstis
mainly two reasons.
First of all, because of the fuzzy representation of such quantities in the snind authors
have <c¢l aimed that number s f ol Ildesasibed hyevorlsoh me fip sy
Weber and Fechner and known as the fAWeberdés | a
l aw is believed to characterize dour di mi ni she
cognitive entitied brightness, loudness, heaviness] aoney as their underlying magnitudes
increaseo (Slovic, 2007, p . 6) . According to s
MacGregor, 2004), encoding of quantities in the experiential system (besides in the analytic
one), would follow those rule$n other words, some scholars think, that the affective system is

designed to make individuals sensitive to small changes in the environment (e.g., the difference
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between 0 and 1 deaths) with the drawback of rendering them insensitive to larger changes

further away from zero (e.g., the difference between 800 and 900 deaths), a tendency that has
been dubbed AdApsychophysical numbi ngo (Fether s
1997). If that principle is valid even in the field of medical diseasesfarttie probability of

having a Down syndromaffected child, then some specific predictions can be radthe
outcomeanalysed in the presenwbrk.

Also, to many proportions with large denominators are confusing, as it has been stressed by

Grimes andSnively (1999). That is exemplified in the words reported by authors (p. 910) and
attribute to Wal ker, namely ATo many, 1/ 400 sol
is biggebd Even literature in decision making has disclosed laypeople genegglaicity to

appreciate differences among variations in low probabilities expressed by means of ratios
employing extremely large numbers at the denominators (e.g., 1000, 10,000, 100,000, a
million), especially when an assessment of these values in isakatiequired. For instance, in

one study, Kunreuther, Novemsky, and Kahneman (2001) showed that risks of 1 in 100,000, 1

in 1 million, and 1 in 10 million elicited the same subjective perception in participants. In a

similar fashion,they also found littledifference in probability perceptions for probabilities

ranging from 1 in 650, to 1 in 6300, to 1 in 68,000. Thus, when assessing ratios using
denominators of such orders of magni tude, peop
n u mb enankelya difficulty in grasping the meaning of statistical information.

Secondl vy, the difficulty with | arge numbers mi
| arge groups of people is relatively rare both
has been argued by Gardgetamero and Galesic (in prdssp.l). Indeed, as authors claimed
referring to the work of Dunbar (1993) i n I
Gigerenzer, 1994, Gigerenzer and rodpsfnfawideg e , 199
range of ancient and modern human societies i$220000 peopl ed (Duvedar , 199
consequence of that, authors believe, individwadsid find it easier to imagine, understand,

and recall Ansmall er, epebplt eonébulhanddrgart S DB | e p.
ones That is exactly what authors have demonstrated in their study (&et@anero and

Galesic, in presb)*.

49 Analyzing the literature on the specific issue addressed in the present(itees@hapter 2), only one

study can be mentioned that dealt with probabilitie
Itis the case of DendRaj , Epstein, and Cole (1995)6 study, wher
urn-andball or lottery scenario wergé 1 0@ antlfil0 in 10,000 (Study 1 and 2), in a withisubjects

design. In those experiments, people generally expressed a judgment of higher probability both in self and
othersperspective for the option whose likelihood weed in (comparatively) larger (i.e., 10 in 10,000)

numbers. Nevertheless, in the third study, i.e. when a health outcome was at stake (HIV contamination),

no effect was found in sefferspective with the same ratio valugsthe previougwo studies On the

other hand.,fiit is true that m studies on the groeghiffusion effect, implicit rates using numbers in these
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Given results obtained in the previous section, intuitively one would have expected that
the same tatency (i.e., a larger perceived assessment for the ratio expressed by means of
comparatively larger numbers at the numerator and denominator) be found even when the ratio
employed a denominator in tl€-thousanebrder of magnitude; ore preciselya negavely
linear relationship between the magnitude of the numbers used at the numerator and
denominator of the ratios and the level of perceived probability for the Tdi#d.translated in
the following firsthypothesis for the present studgamely

Hypothesis1: A higher magnitude perception for a.005 probability will be found
when expressed a#il in 20® than asfi5 in 100®, and when expressed a5 in
100@ than asi50 in 10,000.

Also, another issue was judged relevant for the topic, nadlisoveing whether the
effect found in probability perception was moderated by the prevalence of one of the two
decision stylesover the other (i.e., rationals. experiential for a characterization, see the
section on Slovicd s tdmprehengionio GhaptehZ and thad onwa y s
CEST, ibid.).In line with the experiential/ analytical model of risk perception (see Finucane,
Alhakami, Slovic, and Johnson, 2000; Slovic, Finucane, Peters, and MacGregor, 2004; Slovic
and Peters, 2006) and the &ys1l/ System2 model of decision making (for a characterisation,
see Kahneman, 2003), it was expected that:

Hypothesis 2: The bias shouldhave been more frequent in thosepersons who show
a highly experiential decision style (mainly in the highlyexperiential-lowly rational
individuals) rather than in those who have a highlyanalytical decision style.

In order to test this hypothesiswas decided to usthe REI(RationalExperiential Inventory)

scale REI i s an i nventory dpzefeierres efal informatiea s s e s s
processing styles, available in various versions (the original Bpstein, Pacini, Dend?aj,

and Heier, 1995/6Norris, Pacini, and Epstein, 1998; Pacini and Epstein, -b998ith 40

items). Theoretically motivated by the @htive-Experiential SelTheory, all the versions cited

above distinguish between the two cognitive stytemnelya rational one, measured by an
adapted Need for Cognition (NFC) scale (see Cacioppo, Petty, and Kao, 1984), and

emphasizing a conscious, &rieal, intentional, approach, and an experiential one, measured by

order of magnitude have been useth@tweersubject designs (e.g., a large group ranging from 100 to 1
million people) it is also true thahose rates were only implicit.
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the Faith inIntuition (FI) scale (Epstein, Pacini, DeARaj, and Heier, 1996) emphasizing a
pre-conscious, affective, automatic, holistic approach.

In this study, theREI version adomd was the 4@tem one (Pacini and Epstein, 1989 as
recommended i n*andby Pacirii ahddoltbaguentleat uged it to corroborate their
hypothesis on a prevalence of the experiential systemdiriduals showing the Ratidias

(Pacini andEpstein, 1999%). Authors judged this version of the inventory as superior to the
preceding ones they hadeated, in particular that 6f 9 6 , because: a) in the
contents of the two subcales (NFC and FI) did not parallel each other,lavhi the new
version they did, as each scale had comparable substateslyengagement and ability; b) in

the preceding version, the NFC scale was more reliable than the FI scale, while in the new
version they both were; c) in the previous versiontiiwe scales were unbalanced in terms of
item valence, while now negatively and positively worded items were equally numerous (Pacini
and Epstein, 199B). The inventory includes twenty items measuring rationality, and twenty
measuring experentiality; eachi the scales is constituted by two subscales comprising ten
items assessing the ability to ussch of the systenand ten assessing the engagemesetith

of the systemgi.e., relianceon use and enjoyment in usingee the section of the Appendix
corresponding to the present stufiy full lists of items.

A third hypothesisoncernedhe replica of results found in Study 1.1 for what regarded
ability with the concept of ratio and numbers, i.e., numeracy. Those findings seemed to indicate,
that he new Ias was more likely for highipumerate individualdt has to be reminded, that
such a resultwould not be,in principle, in contradiction with theories on errtgading
heuristics. Indeed, highly numerate individuals are not excepted from biased pasiepti
despite being true that in many tasks they do seem to suffer in a lower extent framowmeil
systematic tendencies (e.g., Reyna, Nelson, Han, and Dieckmann, 2009:R&saceero and
Galesic, 2009; GarciRetamero, Galesic, and Gigerenzer, in prBeyna and Brainerd, 2007;
Reyna and Brainerd, 2008%ee also dedicated paragraph at the beginning of the present
chapter.

A different inventory was used to assessneracy in this study, more precisely an inventory
measuring theonstruct in asubjectie rather tharobjectiveway. To that end, the Subjective
Numeracy Scale (SNS) developed Bagerlin, ZikmuneFisher, Ubel, Jankovic, Derry, and
Smith (2007) was chosen instead than the objective numeracy inventory (Lipkus, Samsa, and
Rimer, 2001) used int&dy 1.1. The reasons for this substitution are described here following.
First of all, as the present study included already a long inventory (i.e.,-iten#0REI scale),

the use of thisshorter version seemed more appropriate. When they develope@&Ni&

0 The DMIDI (Decision Making Individual Differences Inventory) is a catalogue comprising the main
individual difference measures commonly used in judgment and deaisikimg research (over 170, in
fact), and available ahé URL: http://www.dmidi.net/ DMIDI was developed by Kirstin Appelt with
Kerry Milch, Michel Handgraaf, and Elke Weber.
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Fagerlin and coll eaguesd aim was to create an
facility with various numerical tasks involving percentages, ratios, and transformations on such
formats. Authors were successful, as the S¥8wed to be a ga proxy for the original

numeracy scale, with the following interesting plus (in comparison): the scale was a) quicker
(completing time: about 2.5 min less than those who had to complete the objective numeracy

test); b) less annoying, less stressing, fasstrating; c)it prompteda higher will to repeat a

similar survey; c)t causedess missing datdagerlin et al., 2007).

Moreover, Keller, Siegrist, and Vissche0(09) also advocated in favour of such scale as it

measures perceived selfficacy (i.e., it is aselfreport measure of the perceived ability to

perform some mathematical operatiomajher than ability with those operations. The first
constructseems to be a better predictor than the second of the extent to which people actually
engagei n a par t Basedlom the seHffisaky. literditure, it seems plausible that

subjective numeracy skills are more important than objective numeracy skills for the successful
interpretation of ri sk i n fetoat, 208 p. @256).Finallg,ut hor s C
another positive feature of tHeNS consists in the possibility to measure, beside cognitive

abil iti esferenpes tomthe @idptay op numerical information, an issue not tapped by

the objective numeracy scale.

Following findings of Study 1.1, the hypothesis for the present study was:

Hypothesis 3: High-numerate individuals are more likely to show the biasin

probability perception than low-numerate individuals.

Finally, the fourth hypothesis of this study regarded thesiples moderating effect of
the degree of familiarity with the outcome of the scenario (see Study 1.2). Indeed, as explained
in the previous study attempting to assess this variable, some literature pointétgh®zra
probability perception for those peeplvho show a certain degree of familiarity with the
outcomeatstdy( i n particular, the greater the avail ab
greater the probability of the outcome in question would seEng).assumption was that, those
who ha a higher familiaritywith Down syndromevould have beemore likely to process the

numbers and hencéew the bias, than those who hatbwer familiarity with the outcome.
Hypothesis 4: Those individuals who are more familiar with the healthrelated

outcome depicted in the scenario (i.ethat already have, or know someone who

has, a disabled child) show the bias to a larger extent.
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Method
Participants. Two hundred and fortgightindividuals (138 males and 110 females), from the
general population toogart in the experiment voluntarily, all recruited faodace in sgeral
public locations (e.g., University cafes, library).
Mean age was 31.95D = 10.97), ranging from a minimum of 18 to a maximum of 60 (5
participants did not disclose this informatjo Of the sample, 66.1% €& 162) had completed
the high school, 14.7%E 36) had a University degree (3/5 years), 3,7% had a higher title like
Master, PhD, or Specializati on, and the 15. 5%
Al icenmbaeéeme A | ar gre=1p3pmamelyalrhost half ef it 48,10, e (
had one or more children, while 134 people stated they did not have any (1 person did not
answer to this question). Some of the participants= (44; 26%) affirmed having bein
communicated by a medical specialist the probability that the future child could have Down

syndrome (79 people did not answer to this question).

Design and material.Participants read instructions asking them to -ptégy and imagine
themselves as prpsctive parents (i.e., Anna, the mottebe, if females, or Luca, the father
to-be if males) at risk for a child affected with Down syndrome. In the scenario, ptordmas
received information from thgynaecologist of their maternal agdated probabty of having

an affected childSuch probability, expressed thghua numerical ratio, could assurteee
variants the single factor manipulated betwesubjects in the studywhere the magnitude of
numerator ad denominator was modified, thus restin 1 in 20Q 5 in 1000 (as in previous
studies)and50 in 10,000.

Within that context, participants were asked to rate their subjective perception of the magnitude
of the probability ratio on a-point Likertscale fromfiextremely lovdotofi e x t r egnhe@ny h i
a separate page, then, participants were required to answeriteem4RE| scale of Pacini and
Epstein (199%), translated into ltaliarfive listswere createdvhere the order of the questions
was varied to control for possible order effectsikélin the original version, in the present
study a 5point Likert scale fronfidefinitely not true of mysetfto fidefinitely true of myseb

was available to respondents for each item.

On a separate page, participants read titen8 inventory assessingimeracydeveloped by
Fagerlin, ZikmuneFisher, Ubel, Jankovic, Derry, and Sm{#007) that is theSNS (Subjective

Numeracy Scale), translated into Italian.

Procedure.Participants were randomly assigned to one of the fifteen conditions constructed to
follow the experimental design. A minimum of 30 participants per ratio format condition was
necessary to make statistical comparison valid on this variable, but that number was doubled in

order to be able to dichotomize each group on the basis of the |bwrhtipnality/
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experentiality score on the REI scale, in such a way to examine possible effects of these
thinking-style features on the main dependent variable. Individuals were allowed an unrestricted
amount of time to complete the questionnaire by thiuase

Results
Reliability and validity of the REI scales. The reliability and validity of the REI scales
received little support in the present sample, as well as their orthogonédiwo structure,
both necessary prerequisites to their employmenamatysis. Nevertheless, some exploratory
analyses on the basis of the original complete scales were made.
Table 1 summarises the rather ambiguous results obtained when considering all items of the
REI. Reliability of both main scales was quite low (Raéility scaleU= .61 almost acceptable;
Experentiality scalelJ= .41, liable to problem3) Indeed, while each main scale was strongly
positively correlated with both its Ability and Engagement subscales (in accordance with the
literature), and the latter were modetgtrelated within each mode, other findings were either
diverging with those expected theoretically, or unexplainable. For example, the correlation
between the main scales was significant, even if I§@46) = .25,p < .001, a data that has
never been gorted in the literature as, in line with the CEST assumption of the existence of
two parallel but autonomous informatipnocessing modes, the two scales are supposed to be
independent. The average inteEam correlation was extremely low in both scalé¥{ inthe
Rationality scaleand0.39 inthe Experentiality scale), a rather problematic data as it suggest
that the constructs were not being measured relihialyis, there were sources of unexplained
error in the measurementr, that the instrumes were not measuring the intended elements. In
addition, two rather suspect correlations were found, that were that between Rationality and
Experiential Engagement(246) = .31,p < .001, and that between Rational Ability and
Experiential Engagement(246) = .31,p = .001,which could not be explainedee again Table
1.

®1 In the original Pacini and Epstein (1989 article, both scales reliability were rather higle.(U= .90

for the Rationality scale, and = .87 for the Experentiality scale), and the same can be affirmed for
subsequent studies employing the same cognitive style scales, either in the English version (e.g., Marks,
Hine, Blore,andPhillips, 2008), or tnslated for use in nelAnglish speaking Countries (e.g., Bjorklund

and Backstrom, 2008; Shiloh, Salton, and Sharabi, 2002; Witteman, van den Bercken, Claes, and Godoy,
2009).
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Table 1

Intercorrelations and Reliabilities of RationaExperiential Inventory (REI) scales
REI scale 1. 2. 3. 4. 5. 6.

1. Rationality (.61)  .85°°° .88°°° .25°°° A1 .30°°°
2. Rational Ability (.41) .50°°° .23°°° .08 .31°°°
3. Rational Engagement (.33) .20 12 .22
4. Experentiality (.48)  .83°°° .81°*°
5. Experiential Ability (29) .35°°
6. Experiential Engagem. (.05)

Note.N = 248. Reliabilities appear in diagonal in parests
°°p=.01°°°p=.001

Thinking -styles typology. Despite the problems highlighted in the preceding section,
participants were dichotomized on the basis of the median scores on Rationality and
Experentiality?, with the final aim of performing an exphiory analysis of variance on the
perceived probability level. Thus, based on the median splits, a substantial equal humerosity
was obtained in each thinkirgtyle group, with the 27.8% of the sample (n=69) classified as
low on both scales, the 25.4% betsampler(= 63) as high on both scales, while the 24.2% (

= 60) as high in Rationality but low in Experentiality, and the 22.8% (6) as high in

Experentiality and low in Rationality.

The Subjective Numeracy Scale (SNSYhe scale showed satisfant internal consisteney
CronbachUwas .88, a very good value. In order to calculate each participant SNS score, the

same methodology used in Fagerlin et al. (2007) was emplthgdating across all SNS items

answered were averagtat all participants who had missing data yet complet®re than half

of the SNS questionnairé.

Participantsdé scores &' nTallelRaepoddiBe neanrsape dh ther om 1
entire sample for each item owposing the scale, while Fig.r&éports the distribution of each

answer for the 8 questien

%2 Despite being associated with problems such as loss of power, the lack oétsyrnimmthe scales
(KolmogorowSmirnov testp values < .05), justified the median split approach used to divide the sample
Mdn?atlonahty 2.85 Mdrkxperennahty— 3.25.

*3 The same results were obtained even when excluding item number 3 from tilaticais alike in

Witteman, van den Bercken, Claes, and Godoy (2009), considering that due to cultural reasons the present
sample could have nbadfamiliarity with the task figured in the question.

* All items in the inventory had sigoint Likert scales but we preferred to reduce them to 5 due to a

better adaptation with the range of available terms for labels in Italian. While questions n° 1, 2, 3, 4, and 8
ranged from Anot at all o to Aextremely grodbd®d,t quest
fifal ways prefer numberso.
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Table 2

Mean score for each of the eight fiygoint items composing the SNS inventory (SD in
parentheses)

Questions Mean score

1. How good are you at working with fractions? 2.98 (1.01)

2. How good are you at working with percentages? 3.00 (.93)

3. How good are you at calculating a 15% tip? 3.10 (.96)

4. How good are you at figuring out how much a shirt will cost if 3.21 (.97)
is 25% off?

5. When reading the newspaper, how helpful do you find tab 3.02 (92)

and graphs that are parts of a story?

6. When people tell you the chance of something happening, 3.13(1.05)
you prefer t hat t hey use
numbers (66therebs a 1% cha

7. When you hear a weather forecast, do you prefer predicti 2.78(1.09)
using percentages (e.@q,6t her e wi | | be
today66) or predictions wusi
chance of rain todayo?

8. How often do you find numerical information to be useful? 3.28 (.86)

As it is visible from Figure 2, the trdrwas very similar for all @ms of the scale apart from n°

8 and 7, since answers were distributed normally along 4b&iris scale, with the majority of
people choosing the central answer (= 3, i . e.
was3.06 D= .72).

A median split ¥idn = 3.00), was adopted on the SNS score to divide the sample inta kow (

128) and highr{ = 120) numerates. An analysis of variance (ANOVA) on perceived probability

was separately conducted in each numeracy groupratith format (1 in 200, 5 in 1000, 50 in

10,000) as betweesubjects variable. A significant effect of ratio format was found in high
numeratesk(2, 120) = 6.71p = .002,d,2 = .10, while it was not found in low numeraté%2,

128) = 1.40p = .25,d? = .02, indicating that only for the former participants the three ratio

formats evoked different levels of magnitude on the assessment scale. In high numerates, post
hoccoopari sons using Fisherdéds LSD tests on percei
showed that 1 in 200 was perceived as significantly different from 5 in p09004) and from

50 in 10,000 § < .001), but 5 in 1000 and 50 in 10,000 were not perdeas significantly

different (p = .10). Mean measures of perceived probability in each ratio condition are reported

in Table 3, and visually represented in FigH&nce, for what regarded subjective numeracy,

Hypothesis 3 was confirmed by data (obvioushply for the 1 in 200 and 5 in 1000

comparison).

91



Empirical gudies

Table 3
Mean perceived probability for high and low numerates in the three experimental
conditions (SD in parentheses)

Numeracy
High Low
Ratio Format  (n=120) (n=128) Total

1in200 4.23(1.66) 3.68(1.49)  3.96
5in 1000 3.55(1.37) 3.27(1.21)  3.41
50in 10,000 2.97 (1.52) 3.24(1.37)  3.11
Total 3.62(1.59) 3.39(1.37)  3.51

= high numMerates

6 e 0w NUMerates

1lin 200 5in 1000 50in 10,000

Fig. 2. Perceived probability in the three experimental conditions as a function of
participantso dylexelw/ hi gh) numer a

Fig. 1. (following page)Distributions of answers in each of the 8 items composing the SNS
scale

92



Chapter 3
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The effects on perceived probability. Analyses with the entire REI scalén analysis of
variance (ANOVA) was conducted on perasvprobability, with ratio format (1 in 200, 5 in

1000, 50 in 10,000), rationality score (low/high), experentiality score (low/high), and numeracy
score(low/high) as betweesubject variables. A significant main effect was found for the ratio
format, F(2, 224) = 5.98,p = .01, d;2 = .05, indicating that different ratio formats evoked
different levels of probability perceptioM( i, 206 3.94,SD = 1.59;Ms i, 1006 3.41,SD= 1.29;
Mso in 10000 3.12,SD= 1. 4 4) . Post hoc ¢ omeserevealedthatlinsi ng
200 was perceived as significantly different from 5 in 196 (001) and from 50 in 10,000 (

< .001), but 5 in 1000 and 50 in 10,000 were not perceived as significantly differen2Q)

see Fig. 3Taken together, these resusuggested, that thasfound in preceding studies was
supported, and thesgisoindicated a formal perceived equivalence among 5 in 1000 and 50 in
10,000, despite the average perception of 50 in 10,000 was positioned in between 5 in 1000 and

1 in 200.This result will be commented in a subsequent section.

1in 200 5in 1000 50in 10,000

Fig. 3. Mean perceived probability in the three experimental conditions

Nevertheless, no main effects of the high/low score levels of Rationality and Experentiality
scales, were detected on prblhity perception,F(1, 224) = 1.67p = .20,d? = .01, andrF(1,

224) = .08p = .78,d? = .0Q respectively, neither of theean SNS score (low/highff(1, 224)

= 1.30,p=.26,d,2 = .01. Instead, a significant interaction among ratio format and Experentiality
(low/high) was foundF(1,224) = 539, p = .01, d,> = .05, an interesting result that will be
commented in a further section, as it will be replicated with the new (refined) Experentiality

index.
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The refinement of the scalesAs both main scales of the REI were unrealiable, and items not
internally consistent, the iteto-scale (i.e., itento-total) correlation was used for scale
refinement (Nunnally, 1978; Saraph, Benson, and Schroeder, 1989). In other words, those items
from each scale that did not statistically agree with the other némhe scale were eliminated.

For a list of the items originating the new Rationality and Experentiality scales, i.e. Rationality2
and Experentiality2, see Table 4.

With the scale refinement, reliability of the Rationality2 scale raised to .78. Desgiite bl

could be considered satisfactory, as was in fact the averageitémtercorrelation (.31,
equivalent to that found in Pacini and Epsteini
items had to be erased from the original scale, thusnthdsubts on whether remaining items
could adequatgl tap the desired concept. The same considerations are valid for the
Experentiality2 scale(= .83, average intétem correlation = .28) calculated on the basis of 12

items only.

Table 4
List of the items retained in the two scales composing the REI after the scale refinement

Rationality scale Experentiality scale

=

. | try to avoid situatiomthat require thinkin¢ 21. | like to rely on my intuitive impressions.
in depth about something.
2. I 6 m not t hat 23. Using my gut feelings usually work we
complicated problems. for me in figuring out problems in my life.
4. | am not that good at solving problems tt 24. | believe in trusting my hunches.
require careful logical analysis.

5. I donét | i ke t o I 25 Intuition can be a very good way to sol
problems.

7. Thinking is not my idea o fannmyable 26. | often go by my instincts when decidil
activity. on a course of action.

8. | am not a very analytical thinker. 27. | trust my initial feelings about people.

9. Reasoning things out carefully is not one 28. When itcomes to trusting people, | ct
my strong points. usually rely on my gut feelings.

11. Thinking hard and for long abo 31. | think there are times when one sho
something gives me little satisfaction. rely on onef6s intu

35. I hardly ever go wrong when | list¢o my
deepest gut feeling to find an answer.
37. My snap judgments are probably not

good as most peopl
38. | tend to use my heart as a guide for

actions.
39. | can usually feel when a person is right
wrong, even i fylkhowc

Rationality M = 2.30,SD = .68) and Experentiality scored (= 3.70,SD = .59) were now
reliable (Rationality2{J= .78; Experentiality2J= .83), and independent(248) = .12p = .05.

The lack of a correlation between the REI scores for the two scales confirmed the orthogonal
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structure of the two factors. The low numbers of items composing the new revised scales

impeded any further analyses (e.g., on subscales).

Thinking -styles types. Similarly to the proceeding adopted for unrefined REI scales,
participants were dichotomized on the basis of the median scores on the new indexes (i.e.,
Rationality2 and Experertiity2*°). Groups of unequal numerosities were obtaimeayelythe

22.2% of the samplen(= 55) was classified as low on both scales, the 16.9% of the sample (

42) as high on both scales, while the 30.28=(75) as high in Rationality but low in
Experatiality, and the 30.6%n(= 76) as high in Experentiality and low in Rationality. The
fact , t hat now t h estylmgreups (ife.e thdse vdtma igh scbré aonlomen g
thinking-style and a low one on the other) were more numerous than thie otludd be due to

the scale refinement process.

The effects on perceived probability. Analyses with the refined REI scaleAn analysis of
variance (ANOVA) was conducted on perceived probability, with ratio format (1 in 200, 5 in
1000, 50 in 10,000), Ranality2 (low/high), Experentiality2 (low/high).e. dichotomisation of
participants on the basis of the score obtained on each of the refined acalesumeracy
(low/high) as betweesubject variables. As before, a significant main effect was founthéo

ratio format |F(2, 224) = 6.93p = .001,d.2 = .06, indicating that different ratio formats evoked
different levels of probability perceptioM( in 200= 3.96,SD= 1.59;Ms in 100~ 3.41,SD= 1.29;

Mso in 10,000~ 3.12,SD= 1.44) see Fig. 4 which corresponds to Fig. 3 (i.e., when the dREte

scale had been considereB)o st hoc comparisons using the Fish
200 was perceived asgnificantly different from 5 in 1000 = .01) and fron®0 in 10,000 (

< .001), but 5 in 1000 and 50 in 10,000 were not perceisesignificantly different§ = .18).

Thus, even when using refined REI scales it appeared that Hypothesisl was only partially
supported by data, in that the effect found in the previous section of this chapter got confirmed
(i.e., 1 in 200 was irrationallperceived as larger than 5 in 1000) and extended (i.e., 1 in 200
irrationally perceived as larger than 50 in 10,000), but not for the pair 5 in 1000 and 50 in
10,000, as indeed it had been expected. In sum, there was not a completely (and perfectly) scala
decreasein perceived likelihood as the magnitude of the numbers at the numerator and

denominator of the ratios increased.

%5 Despite being associated with problems such as loss of power, the lack of symmetry in the scales
(KolmogorowSmirnov testp values < .05), justified the median split approach used to divide the sample
Mdrhationality: 2-29'Mdr\5xperientiality: 3.75.
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1in 200 5in 1000 50in 10,000

Fig. 4. Mean perceived probability in the three ratio format experimental
conditions when the REI scale had been refined

No main effect of Rationality2 on the basis of the revised (ldmproved) REI scale
was detected on probability percepti6i]l, 224) = 2.44p = .12,d,2 = .01, but a main effect of
Experentiality2,F(1, 224) = 6.43p =.01,d,? = .03. A higher probality perception was found
in those having a high Experentiality2 scoké £ 3.65,SD = 1.52) than in those having a low
Experentiality2 scoreM = 3.37,SD= 1.44., that will be commented in a later paragraph.

Remarkably, there was a significant interactibbetween the format employed in the
ratio and the Experentiality score on the basis of the revisadproved) REI scaleF(2, 224)
= 6.83,p=.001,d,” = .06 see Fig. 5.

7 emm 0w Experientials2
6 === high Experientials2
5

4 Q

3

2

1 T T )

1in 200 5in 1000 50in 10,000

Fig. 5. Mean Perceived probability in the three experimental conditions as a
funcion of participantsoé2lévelow/ hi gh) Experenti al
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The twoway interaction between Experetlitig? and ratio format was analyzed using simple
main effect analysis. The ratio format influenced the perceived probability in both
Experentiality2 levels, namely low(2, 242) = 3.61p = .03, and highF(2, 242) = 12.79p <

.001.

The significant sim@ main effects of ratio format were further analyzed by pair wise
comparison using the Sidak adjustment for multiple comparisons. For those participants
classified as having a low experientiality processing style, the significant effect on perceived
probalility was due only to the higher perceived probability in the 1 in 200 conditien3 69,

SD = 1.62) than in the 5 in 1000 on& (= 2.93, SD =.1.16, p= .03). Instead, perceived
probability in the 50 in 10,000 conditioMé 3.47,SD= 1.44) fell between thether two
conditions, but was not significantly different from either of them.

For those participants classified as having a high experientiality processing style, the significant
effect on perceived probability was due to the 50 in 10,000 ratio foraiag lperceived as
lower M = 2.84,SD= 1.41) than both the 1 in 20M(= 4.34,SD= 1.49,p < .001) and the 5 in

1000 M = 3.97,SD= 1.22,p = .001) ratio format conditions. Perceived proligbin the 1 in

200 and 5 in @00 conditions, though, did nappear as significantly differernt € .60).

Since the visual representation of the magnitude perceptions given by each group
seemed anyway to suggdsthigh experientials, the presence of a tendency to perceive 1 in 200
as conveying a higher probabjlithan 5 in 100@i.e., in the same direction of the effect found
for low experientials)further analysesvere conductedTo this aim, indexes of Rationality and
Experientiality were realculated still on the basis of the revised scalbat only for tke 1 in
200 and 5 in 1000 conditions (i.en, = 167) New dichotomisations i.e., Rationality3
(low/high), and Experentiality3 (low/highjvere computed on the basis of those indexes.

When an analysis of variance (ANOVA) was conducted for these individoalsperceived
probability, with ratio format (1 in 200, 5 in 1000), Rationality3 (low/high), and Experentiality3
(low/high) as betweenubject variables, a significant main effect for the ratio format was found
as beforeF(1, 167) = 7.37p = .007,d,? = .04, ro main effect of Rationalityd (1, 167) = .004,

p =.95,q2= .01, but a main effect of Experentiality3(1, 167) = 15.42p < .001,d,? = .09.
Remarkably, now no significant interaction between the format employed in the ratio and the
Experentiaity scorewas detected=(2, 167) = 2.90p = .09,d,” = .02 see Fig. 6although the p

value was not that distant from the significance level.
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e lOW Experientials3
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emme high Experientials3
6
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1in 200 5in 1000

Fig. 6. Mean perceived probability in the 1 in 200 and 5 in 1000 experimental
conditions (h=167)asafunadbn of partici pantso63l¢velow/ hi gh)

To confirm visual impressions generated by the figure, sepataséstwere calculateah low
and high experientials whictghowed that only low experientials evaluated 1 in 200 % 3.69,
SD= 1.62)as higher than 5 in 1000A(= 2.93,SD = 1.16),t(92) = 2.60,p = .01. Instead, the
two values did not differ significantly in high experientidi, i, 200= 4.34 SD= 1.49), andMs
in1000= 3.97 8D=1.22),t(71) = 1.16p = .25.

Thus,

1) The fact theinteraction among Experientiality3 and ratio format was not found when
only the 1 in 200 and 5 in 1000 conditions were analysed seemed to indicate, that the
significant effect obtained in the interaction in the previous analyses of variance
including alsahe 50 in 10,000 ratio was due exclusively to the intersection of graphical
lines AFTER the 5 in 1000 value. Thus, it could be affirmed, that both high and low
experientials manifested the systematic tendency (dedipiteing non-significant
among high eperientials)to evaluate probability as higher when expressed through a

ratio in a 1 in 200 rather than in a 5 in 1000 format.

2) For what regared Hypothesis 1, it could be précis#ltat the scalar decrease in
probability perception expected as long as thembers at the numerator and
denominator of the ratios increased (for 5 in 1000 to 50 in 10,000) inaicbnly in
high expeiential individuals.Furthermore, heseindividualsshowed a tendencylbeit
non significant, in line with the bias obsed/ (i.e, 1 in 200 > 5 in 1000) in low

experientials.

The influence of familiarity with the outcome at study. Differently from Study 1.2, the

degree of familiarity was not assessed by means of an explicit question in this study, but a new
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variable was createe-postthat took into account individual differences on factors significant

for the construct. Such variable,-mea m efdmilidiityo , intended to return
participantsodo relative novelty to thifeedasi tuati ol
Afamiliaro if at | east one of the following ¢t
having been communicated the probability of having a Down syndrome child. They were
classified as fAnot famil i ar totheisdme time,rodanswer® ns we r
were both missimj.

For those if = 116, 46.8%) that could be classified as familiar with the problem a significant

effect of ratio format was found on perceived probabik2, 113) = 8.87p < .001,0|p2 =.14;

post hoc comparisons using Fisherds LSD test
format, the probability was perceived as significantly higihvr=(4.42,SD = 1.73) than both

when described with the 5 in 100d € 3.23,SD= 1.25,p < .00L) and with the 50 in 10,0004
=3.07,SD=1.49,p < .001) formats. The latter two formats, though, did not raise significantly

different probability perceptions. Instead, for thoses (131, 52.8%) that could be classified as

unfamiliar, no significaneffect of the ratio format was detected on perceived probal#{g,

131) = 1.18p = .31,d,"= .02.Thus, high familiarity with the outcomender studyevealed a

mediator of the systematic effect found in probability perceptioac@ordance with Hypothesis

2.

Discussion

In this study, a .005 probability expressedihisn 20@® was subjectiely evaluated as
larger than when expressed f#&sin 100®, as well as larger than when expressedi&sin
10,00®. Thus, results not only corrobordtthe effect found in Study 1dnd 1.2, but extended
it to a denominator of an even larger order of nitagle. Nevertheless, the perceptionfidfin
100 and 50 in 10,000 did not differ. Thus, it could not be affirmed, that ttedationship
between the magnitude of the numbers used at the numerator and denominator of the ratios and
the level of perceive@robability for the ratio wasegatively linearAll in all, findings seemed
to imply:

1) that boundariesvere presenfor the existence of the bias at study, thus not just

whateversmallernumberedratio would haveelicited a larger probability perception

*% |t has to be recognized that for a mistake in the construction of the questionnaire, the question on

having or not been communicated by a specialist the probability of having a child with Down syndrome

did not allow thoseavho might have received such communication but did not ended up having a child

due to other reasons (e.g., abortion or miscarriage, sudden death of child) a possibility to declare that

without somehow appearing irrational (i.e., they appeared to havee@ytite logical condition contained

in the premise to that guestion, i . e.., Al f you ans:
were in such a condition, therefore the mistake didoose problems to the analyses
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than largernumberedratios. If that wouldhave been #n case, then a difference in
perceived probabilitiesonveyed by 5 in 1000 and 50 in 10,80®uld have been found
as well vith the firsthigherthan the second opeéut thatdid not happenand

2) thatsince probability conveyed Hyin 200 was judged at the same tinngherthanthat
conveyed byb in 1000, and thathat conveyed b%0 in 10,000thusthe presencef 1
in 200was clearly indispensable for tappearance of thaas defined so far.

Taken together, these considerations suggested that there was something peculiar in the 1 in 200
format, and that some of its features could be deemed responsible of the bias found in perceived
probability. Theewill have been addressedfillowing studies

Several problems occurred in the assessment of the REI scale, and results welte difficu
to interpret without a scatefinement which, anyway, dramatically reduced the number of valid
items. Explorative analyses on those data highlighted, as expedigajfecant association of
the bias withi n d i v iexgpearientiabtyd scorewhile the rational thinkingstyle did not show
any effect at allon the bias Nevertheless, contrary to expected findings, those high in
experientiality did not show a larger bithan those low in experientiality; on the contraime
bias appeared more established among low experierRigdsilt, awaiting further confirmation,
that highlyexperientialerceived a difference between 5 in 1000 and 50 in 10,000 judging the
first expression as conveying a larger probability than the second, could be explained taking into
account the possibility, thahdse highin experientiality mightave not actuallyelaborated the
ratio expressions. Instead, theguld have intuitively assessetthe magnitude of # ratio
expressionsakingthe size othedenominator as a hint.

Findings on the degree of individsdl numer acy as assessed by t
previous results (i.e., Study 1.1) obtained by means of an objective measure of thecizonst
namely that only highly experientials showed the bias.

Finally, for what concerned familiarity with the outcome atidgt an important
moderation oftie effect was shown, as onhdividualssodefinedii f ami | i ar 0 wi th the

showed thédiasin perceived probability.
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Study 2.2

Goals

Findings of the previous study indicated that a .005 probability expressaédra20® was at
the same time subjectively evaluated as larger than when expres¥ethad0®, as well as
larger than when expresbsasfi50 in 10,000.
Despite the rather interesting and surprising nature of the phenomenon described, it had to be
recognized that results were contingent to specific ratio values. It could well be, that ratios
whose numbers at the numerator and dendmingere, for some reasons, peculiar, had been
chosen by chancend that when employing different numbers the same effect would not be
found. In the conclusions of the past study, it has been pointed at possible specific features
peculiar of the 1 in 20@atio that could be deemed responsible of the bias found in perceived
probability. One of such features could have been the type of format in which the probability
had been stated: indeed, whii@ in 20® was in afil in X0 format, the other two ratios
exanined had arfiN in NX0 format. Could it be possible that tlfi& out of some numbeér
format mighthave explaired the increased level of probability found for tfik in 200 ratio
when compared to the other ratios expressed in different formats? In otlist was a ratio in
afil in Xoformat generally perceived as higher than a ratio ifNam NXo format? In order to
test that, and at the same time to reject the chance, that the effect in probability perception
would not be found when ratios differentrinol in 200 and 5 in 1000 (or 50 in 10,000) were
employed, it was deemed necessary to attempt a generalization of results to other conditions. In
other words, it was necessary to compare the probability perception elicifi@drb}o formats
(also differem from the one tested until that moment) with that elicited by corresponding
equivalentiN in NXoformats (also more variants than the two tested until then).

In this experiment;atios with denominator 1000esechosera sN fii n N X oforf or mat s,
mainly two reasons. First of all, because ffvein 1000 format represeetthe structure of the
ratios where the effect had been found until then. Secondly, ratios with 1000 at the denominator
are frequently used mainly in institutional communications (e.g.tasgircampaigns; scientific
reports, but also in doctgratient interactions, e.g., to describe the incidence of a disease in the
population). Thus, NX was equated to 1000 in the present study. Only with the aim of
simplifying the description, in this study will be referred tofiY in 1000 to mean those
proportions having 1000 as denominator, evenifodld not bean adequate terth
Drawing from results obtained in previous studiesyas predicted that probability would be

judged as higher when thetimexpressing it bén a fil in X0 format rather than in &Y in

*|n fact, as each pair wisssmparison of proportions vs. rates corresponds to the same likelihood value,
and the rate is always a not simplified version of the proportion, the two expressions should always share
a common variable term (i,&, in the cases illustrated above).
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100 format (i.e.,arate with 1000 as denominator). Therefore, the first specific hypothesis for

this study was:

Hypothesis1: A probability expressed in afil in X0 format is perceived asgreater
than when expressed in &Y in 10000 format.

Moreover, in accord with Study 1.1, the same trend was expected for worry. Thus, a

further hypothesis to be tested in the Study was:

Hypothesis2: A probability expressed in afil in X0 format induces greater worry

than when expressed in @Y in 10000 format.

Furthermore, an additional hypothesis was formulated regarding the degree of
comprehension of the two f or méde.,she smatbumbesswi ng CE.
effect see for instance,&ini and Epstein, 1999), prediction should have been, that ratios
employing smaller numbers would have been more easily understood than ratios employing
larger numbers, exactly because of their gerf@gile clarity. Such a prediction, nevertheless,
was unbearable for mainly two reasons. First of all, as it had not yet been demonstrated (and
indeed, the opposite seems true), that people reason on ratios the same way they do on integer
numbers. Transferring a rule accounting for how people evaluateeisteg the case of
fractions was in principle not seen as correct. Indeed, numerous findings stemming from the
literature on mathematical cognition point to the fact, that a) people process numerical
information expressed through a ratio in a different waynformation expressed in integer
numbers (see, for instance, Bonato, Fabbri, Umilta, and Zorzi, 2007; Reyna and Brainerd,
2007), and b) that fractiorosemore difficulty than integer numbers (same sources, but see
also the previous study, i.e., 2.1).

In second instancéhe prediction was unbearable because suppdhambypothesis of a greater
clarity of ratios employing smaller rather than larger numbers seemedhtihie specific case

at study results had showed an opposite tendency to denaminaglect for ratios when in
single presentation conditions in all experiments described up to the present one, hence
apparently disconfirming the applicability of the explanation in terms of Ra®to the case

under studyMoreover,some clear evide® in the literature are present arguing foloaer
comprehension of proportions rather tltdmates (seeesults described in the first paragraph of
Chapter 2, e.g., Grimes and Snively, 1999; van Vliet, Grimes, Popkina, and Smith, 2001)

All these conglerations leaded to a forecagipositeto the one stemming from CEST, namely

that lower comprehensiomad to be expectetbr smallernumbered ratioghan for larger

numbered onesHence, the hypothesis predicted, that ratios expressed in (comparatively)
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smaller numbers (schematised adilnin X0 format) shouldhave been less understood than

ratios using (comparatively) larger numbers (i.efiMrin 1000 format). Such hypothesis read:

Hypothesis 3: Ratios infil in X0 format are less understood than réos in Y in
100@ format.

Method
Participants. A total of 254 pregnhant women attending the maternity wards of San Raffaele
Hospital in Milan (Italy) were contacted by the experimenter during their first visit at the
gynaecologist. Of these, 54 (21.2 #éjused to take part in the study, while 200 accepted. The
reasons for refusals were generally not specified or brought back to time constraints and to the
desire to avoid mathematical tasks. The sample therefore included 200 pregnant women but 1
was exclded for providing incomplete datéghus additionally reducing the sample to 199
participants
Mean age of participants was 32.77 years, ranging between 18 and 47 years. Most of the
women had completed high school (44.8%) or had already a University 48r&%), while
only few of them (11.9%) had completed the lowest education level in Italy. The 59.6% of
them were at their first pregnancy, while the remaining 40.4% of participants had already one

or more children (one participant did not answer todhisstion).

Design and materialln the questionnaire, a table was presented summarizing the risk of having
a child affected by Down syndrome according to the maternal age (from 18 to > 51 years),
where thematernal agdad been classified into twelve &ar span groups (e.g., 18, 2t
23y,
The risk was expressed by means of a verbalized ratio, whose superficial format was the single
factor manipulated in the study. Indeed, the ratio appeared in the entire table eiithenas
every X birth® or asiiY in every 1000 births see the Appendix for the two tables employed in
the material. Therefore two versions of the same questionnaire were elaborated, one where
numerical risks were expressedfihin X0 format and the other where they were expressed in
fAY in 100 formats. The table served as a reference source for the woman to identify-her age
related risk; after having identified it, she was asked to circle it using a pen.

Three dependent variables were asdafeceedd: wo ma
by Down syndrome given her age, the degree to whkleh would find thisinformation

worrisome, and a construct that measured comprehension of the nurhoenicl

*8 Similar intervals have been used, for instance, even in a landmark (tad1981) to indicate the
rates of all clinically significant cytogenetic abnormalities in live births {ydr maternal age intervals
ranging from ages 15 to 49.
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The degree of risk had to be judged ographical 7point scale with the two esdmes labelled

asinot at all h i g h,aespeativtly. The sdale was edt the typicaj hikert

scale, but a visual scale created on purpose for the study, with adjacent steps whose dimension

was getting steadily bigger and the colour darleemaving towards the right (to symbolize an

increasing quantity of the dimension assesssh) the Appendix.

Perceived worry was measured asking participan
you concerning the ri s keprevious duestion, arjswessthad toibe c | e d ?
provided on a ‘point graphic scale, ranging frofinot worried at ab to fAextremely worried.

Finally, participants were asked to answer to a set of 6 questions created on purpose for the

study, and intended to assecomprehension of the format stating the numerical probability

value circled in the tablesee the results section for the list of questions along with the answers

available according to the experimental condition.

Procedure.Participants were presentedth a paper version of the questionnaitikeey were
randomly assigned to one of the two conditions stating the risklagaevery >0 or as aiY in

1000 birth®. They completed the questionnaire individually and at their pace, namely without
any time onstraints.

Ethical approval. The study received the approval of tGknical Ethical Committee of San
Raffaele Hospital. All participants answering the questionnaire had preliminarily signed an
informed consent form describingoth the purpose andthe mehod of the study, and
guaranteeing them anonymity and confidentiality in the treatment of data.

Results
As it is visible from Table 1, three risk classes had no participants (i.e., 1@, B8d the 48
50, and over 5%J. The mode maternal age class \88s32 years, while the median was still in
the same clasdMdn = 32.50). Distribution of participants in the 9 risk classes according to the
experimental condition is illustrated in Fig?°1The number of participants per risk class was
equally dividedamng ex per i me f(8N=1199=-d.81gp& 61 on, &

The Al in X effect. A multivariate analysis on perceived probability and perceived
worry with ratio format as betweesubjects variable showed a global effect of ratio format,
F(2,195) = 3.92p = .02, qu = .04. Nevertheless, while the impact of ratio format on the
probability variable was significanE(1,196) = 7.61p = .01,d,’ = .04, the same could not be
affirmed for the worry measurg(1,196) = 1.93p = .17,dp2= .01.

%9 These data carebconsidered coherent with the actual trends in human reproductive age.
® Thefil in every > ratio format condition was presented to slightly more than half sampte1Q1
women), while théY in every 1000 ratio format was presented to 98 women.
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The mean subjectermagnitude of the probability w857 SD= 1.45) when expressed
asfil in Xo, and 3.03$D=1. 37) when expressed as AY in 1000
affirmed that Hypothesis 1 was supported by data. The systematic tendency to evaluate a
probability expressed in &l in X0 format as greater than the same probability expressed in a
fiY in 1000 format was dubbed thé in X effeab.
When looking at the data divided by motiseage, as in Table 2, it can be noticed, that
all the means, except twajentin the predicted direction, even due to reduction in
sample sizes, only two reaah significance (1 in 475 v&.1 in 1000 and1 in 795 vs.
1.3 in 1000.

Table 1
Distribution of participants in
the 12 risk classes

Maternal No. of
Age participans
18-20 0
35
21-23 4
20 [ 21-23 years old
24-26 14 B 24-26 years old
27.29 25 % 027-29 years old
20 030-32 years old
30-32 57 B 33-35 years old
15 :
3335 43 |_ [ 36-38 years old
10 [] W39-41 years old
36-38 37 0 42-44 years old
51 4547 years old
3941 10 h
0 __—i_Ll_—‘
42-44 7 "Lin X' "Xin 1000"
4547 2
Fig.1.Participants6é age cl
4850 0 the two experimental conditions
Over 51 0
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Results of the paired MamWhitney tests on equality of the means between the two

experimental conditions for each valid risk class

. . Mean Mean Mann -Whitney
Mot her 6 firlrquw)\(t I):nm;?oo n Perceivedrisk  Perceived risk p value
linx Y in 1000 (2-tail)
18-20 1in1540 0 0.6in 1000 0
21-23 1in1480 1 0.7in 1000 3 2.00 1.67 1.00
24-26 1in1350 8 0.8in 1000 6 2.25 2.17 .852
27-29 1in1120 13 0.9in 1000 12 2.92 2.08 406
30-32 1in795 32 1.3in1000 25 3.38 2.80 .033
33-35 1in475 25 2.1in1000 18 3.88 2.78 .001
36-38 1in240 14 4.2in 1000 23 4,14 3.65 077
39-41 1in110 3 9.1in 1000 7 4.00 4.14 833
42-44 1in 49 4 20.4in1000 3 6.00 5.67 629
45-47 lin21 1 47.6in 1000 1 4.00 4.00 1.00
48-50 1in8 0 125in 1000 0
>51 >1in6 0 >166.7in1000 0
101 98 3.57 3.03 .007

For what regarded perceived worry, overall a mean assessment o6B.95.(69) was

found forfil in X0 formats, and a mean of 3.68= 1.87) forfiY in 100® formats. Perceived

worry in the two conditions showed the same tendesfcgerceived probability, despite not

resulting in a significant difference. However, the correlation between the two variables was

significant (00~ .65, p < .001), thus, ti could be affirmed that data indicated even a

corroboration of Hypothesis 2.

Comprehension of the format. Par t i ci pant s o

overall

perfor man

inventory is presented in Table 3 according to each of the six questions. The gener#lydifficu

demonstrated in answering apparently simple questions (see the large number of participants

50% or more who found answering to questions number 1, 4, 5, and 6 hard) further

corroborated the idea that laypeople (i.e., patients) experience diffignliigglerstanding and

grasping the meaning of numbers, even more when these are not integer. Two of those

questions, in particular, (i.e., number 1 and 5) involved calculations which are normally

required for making sound health decisions (see, for instdne case where patients are

communicated the rate of success of two different treatments, and have to opt for one of them,

or that where they are in need to compare rates of success of two alternative treatments). In both

cases, a sound answer would feguhat one correctly handles the rules of comparisons

between ratios; question number 5, moreover, implies exdelynastery othat skill which

could prevent people from falling prey to tfikin X0 effect. The fact, that only the 37% of the

sample cald solve the problem posed by that question correctly, is undoubtedly of a certain

relevance.
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Table 3

Overall parti ci pant s Gixitgresroffthe comprehensioniscale e ac h o f
ltems % correct
1. The risk you circled above is: higher/lower 40

a. higher than 1in 250
b. lowerthan 1in 250

2. Compared to the risk of a 23 years old woman, the risk you circled above is: 88
a. higher
b. lower
c. equal

3. The risk you circled above means that the probability of having a child affects 86

Down syndromes:
a. over 50%
b. below 50%

4. Imagine that the risk of another woman is double than the one you circled ¢ 49
What would it be? in

5. The risk you circled above is equal to the risk of in 1000 (for conilition 37
X0) 1in (for the conditidiy in 1000))

6. What is the probability that your child will NOT be affected by Down syndrc 35

given your age?

Overall, mean comprehension score was 3B £ 1.38), while the median was 3 out of 6
possibé correct answers.

The distribution of participants according to the number of correct answers theygoeuid

the six-item inventory measuring comprehension is represented in Fggparately showing
participants who were in@l in X0 condition fromthose who were in &Y in 1000 condition.
However, t was thought, that a median split on the comprehension index was not appropriate in
the present cas&s participants addressed non comparable inventories, and the fact participants
have answered to tleame inventory is aecessary prerequisite for such type of analgsse

exploratory analyses were made, though.

35
30
25
20

mlinX
m X in 1000

10 -

N° of participants

1 2 3 4 5 6 7

N° of correct answers on the total 6

Fig. 2. Distribution of participants according to the performance in the sixitem
comprehension inventory in the two experimental condions
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Overall, a test on the equality of the means between the two groups returnedignifaant
difference between the mean number of correct answers ¢{&7) = 1.44p = .15. Thus,

from these data it seemed that Hypothesia8not suppord However, it was also true, that

the null effect did not allow to state the opposite trend to the one tested and hypothetically
stemmi ng from CEST 06 fiasseeplamatiod, naimalyctiet in XodormatRat i o
would be more comprehended thiiahin 10000 formats,

In Table 5, percentages of correct answers by question are reported according to experimental
conditions. Furtheexplorative analysis segmented by questibawed that the two conditions

did not differ significantly in the number of parpeintsanswering correctly for any of the six
questions, (L,NsIPYcP65p=l.y33]c for quFIsN=i1OE number
141,p= . 24] for qu§ksN+i99 = hi2mb .49 forfuestipnaumber 3,

[ %1, N=199) =112p= . 29] for quékNFIO =nG5mbdaiford, [ 6
question n ibe199)5 ,79pa 88 fof qeestion number 6.

Table 5

Percentages of participants® correct answer s
experimental condions

ltems % correct

fil in Xo* AY in 100®°

1. The risk you circled above is: 43.5 36.7
c. higher than 1 in 250;
d. lower than 1 in 250.

2. Compared to the risk of a 23 years old woman, the risk you circled above is: 91.1 85.7
a. higher;
b. lower;
c. equal.

3. The risk you circled above means that the probability of having a child affect: 89.1 82.7

Down syndrome is:
a. over 50%
b. below 50%

4. Imagine that the risk of another woman is double than the one you circled ak 455 53.1
What would it be? in

5. The risk you circled above is equal to the risk of in 1000 (for conditi 42 .6 31.6
fil in x0) 1 in (for the conditidiy in 1000)

6. What is the probability that your child will NOT be affected by D@yndrome 37.6 31.6

given your age?

* = originally out of 101 participants; ° = originally out of 98 participants
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Discussion
Results obtained in the present study demonstrated that the bias in probability perception
extended well beyond the specificmerical values considered in Section 1 of the present
chapter (i.e., 1 in 200 and 5 in 1000) and in Study 2.1 (i.e., 50 in 10,000). Individuals showed a
tendency to perceive a probability as higher when expressed through a proportion (fikinin a
X0 format) than through a rat@hose denominator was 1000. The tendency was further
confirmed by a similar, albeit not statistically significant, trend in the degree of perceived
worry, as showed by a positive correlation with the perceived probability measure
Also, overall participants revealed a low degree of comprehension of the meaning of ratios, as a
high percentage of them made mistakes on relatively simmaithematicalquestions. The
hypothesis made on comprehension, namely that ratios fih & X0 format employing
(comparatively) smaller numbers are less clear than ratiogithia 100® format employing

(comparatively) larger numbers, did not receive support in the present study.
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Study 2.3

Goals

In the previous study,@1 i n Xad éderi dabtished, as probability statements ifilan

X0 format increased the probability perception compared with probability statemdiNsirin

NXo formats, when NX had been fixed to 1000. What about the effect when the ratio with an

AN in NXo format had a deominator equal to 100? Indeed, a generalization of results of Study

2.2 to ratios whose denominator be in the temder of magnitude or in the hundreasler of

magnitude would have not been, in principle, legitimate as those values had not begn directl

compared. However, knowing whether people would still be prone to the bias when rates in
those formats were used was judged interesting for at least three reasons.

1) There are several cases, where a doctor might employ a smaller denominator (e.g., 100)
than those that had been analyzed until then in communicating a probability. An expression
using such numeri cal information frame corres
a wide range of ancient and mode rRetanttro man soc
and Galesic, in preds p. 1), and as such it can be thoughimore likely perceived as
plausible. Plausibility is a determinant feattwegenerag reliance on the dat#& hundred,

1000 and 10,000 are probably the most frequently used dentorsna communication of
probability by means of ratios. By investigating the order of magnitude of the first one the
three formats, all of them would have been covered as previous studies already investigated
the second and third format.

2) By validating appcability of findings in the missingi.e., 100)condition, boundaries of the
bias would have been further specified.

3) Ratiobias, that is mainly a withisubject phenomenon (Garcia and Tor, 2009), has mostly
been found with two ratio values, namely 1 ldnd 10 in 100 (that is, when participants
compared a rate out of a-tlenominator with the equivalent proportion out of a-100
denominator). Testing similar ratio values in a withubjecs design would have further
examined whether the type of preseotat(apart from the type of task) might be
responsible for the opposite results found in the present dissertation.

Therefore, the first specific hypothesis for this study was:

Hypothesis 1: A probability expressed in afil in X0 format is perceived ashigher

than when expressed in &Y in 1000 format or similar magnitude.

Furthermore, object of interestas constituted by the possible influence of ratio format

on intentions to perform amniocentesBehavioural intentions have been indicated by some
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schohrs (see, for instance, the Health Belief Model, e.g., Rosenstock, 1966) as a better indicator
of peopl eThesassurhptian behiddelsecondesearch question was, that behavioural
purposes depend on the degree of probability perceived for migitioa to be tested for. Thus,

the second hypothesis for the study was:

Hypothesis 2: A probability expressed in a fil in Xo format induces more
participants to hypothetically choose to perform amniocentesis than when expressed

in a AY in 1000 or similar magnitude format.

Furthermore, the explorative analysis on the degree of comprehensibility of the two
formats continued also in the present study. The same hypothesisvemis studwas stated,
only it was modified to apply to the case offi in X0 versusiY in 100 or similar format. It

read,

Hypothesis 3:Ratios using (comparatively) smaller numbers in &l in X0 format,
are less comprehended than ratios using (comparatively) larger ones imfi& in 100 0

or similar magnitude format.

Method

Participants. A total of a hundred individuals (58 women and 42 men) from the general
population took part in the experiment voluntarily. Mean age was 38.2 yrs. (SD= 12.4), varying

between a minimum of 19 to a maximum of 69.

Design and material.Participants wereasked to read a very similar scenario to that of all
preceding studies (apart from Study 1.1). The scenario reported the case of Anna, a-dlé years
motherto-be who, after having been waiting for long, became pregnant; at the gynaecologist,
she got infomed of her the ageelated probability of having a Down syndromakected child.
Object of experimental manipulation betwesrbjects was, as in previous studies, the format of
the ratio expressing such probability.pfoportion format whose denominatoasvin the teen
order of magnitudetliis time: 1 in 12) was compared withrate format whose denominator
was in the hundredrder of magnitudéthis time: 10 in 120). The round ratios (1 in 10 and 10
in 100) were judged too easy and were avoided in thidysto minimize the likelihood that
participantscould transform the ratio into another one, which would lead to the impossibility of
controlling for format effects. Two different questionnaire versions were created to follow the

experimental design.
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After having read the scenario, participants were asked tepl@yeand imagine themselves as
Anna, the prospective mother described in the scenario. Within this context, they answered two
questions. The first question tested the subjective evaluation (wiggplaying the protagonist)

of the magnitude of the stated probability of having a child with Down syndrome. Participants
had to provide an estimation on an-fddint Likert scale whose extremes were labelled as
Aextremely | owd0 andhehafwdy epeil yt hwa$ ol, albwdli Il ed
The second guestion assessed participants©®6
amniocentesis, able to tell with certainty whether the baby had Down synditima¢ invasive

exam was described in thoexperimental conditions as carrying a fix additional risk of abortion

(i.e., the same 1% risk in both conditions). Answer was categorical (i.e., yes/no).

Finally, to assess comprehension for each format, a different inventory than the one employed
in the previous study was used in the present one. A set of 5 questions was created on purpose
for the study. Among other abilities, skills assessed by questions were that of being able to put
the ratio value in correct comparison with other probability valamed that of performing some
mathematical operations that are commonly required in everyday life (e.g., redoubling a risk

value, transforming it ito a different mathematical format).

Procedure.Each participant was randomly assigned to one of the twdittans constructed to
follow the experimental design. Individuals could complete the questionnaire at their pace,

without any time constraints.

Results
For what concerned perceived probability, mean ratings were greater for the IMn=12.48,
SD= 2.80) than for 10 in 120 formal(= 6.18,SD = 2.69),t(98) = 2.37,p = .02 see Fig. 1.
Results corroborated the first hypothesis &&nvevaluating probability expressed thrgh a
numerical ratiopeople perceived a proportion infia in X0 format witha 10 denominator as

conveying a larger probability than a rate having 100 as denominator.

11

-
o

PN WA OTO N OO
1

lin12 10in 120

Fig. 1. Mean perceived probability in the two experimental conditions
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therat o

For what concerned the second dependent variable, instead, no effect of the format of

(small er/ bigger

numbers) was

detected

performing the diagnostic testas always high and did not change when the probability of

having a child with Bwn syndromev a s

.56, likely because the probability of .083 was perceived high (even ifivtlie 1000 format)
enough to consider doing an amniocentesis as a sort of binding-cgemithe distribution of

answers in the two conditions in Table 1.

made that @l not indicate differences across experimental conditions. Overall, the mean and

median numbers of correct answers in the total four answers arfalysed 3.36 D = .88)

Table 1

stated

as

£(1,Nn100) 2 .33pE

Distribution of choices for the intention to perform a risky diagnostic
test (i.e.amniocentesis) in the two experimental conditions

Perform test?

Condition  yes no Total
1linl2 42 8 50
10in12C 44 50

Total 86 14 100

For what oncerned the third variable (i.e., comprehensierploratory analyses were

10

and 4 respectively thus very high. Table 2 displays the distribution of the number of correct

answers according to experimental condition.

Table 2

Number of correct answers per experimental condition to each
item of the numerical comprehension inmtory

1in12 10in 120

ltemn® (n=50) (n=50)
1 4 45
2 46 50
4 41 38
5 33 42
Total 161 175

1 Answa's to Pur items only were analyzetUnfortunately, inquestion number 3 of th#0 in 120
condition, the small number ratio format was erroneously employed instead than the large number ratio
format. Because of that mistake, answers on that item in bgérimental conditions were excluded

from analysis.
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Visual inspectiorof the tablammediately suggests that the manipulation of the ratio format did
not influence the number of correct answers partidpaould give on the inventory. The
impression was confirmed by an overall test on the equality of the means between the two
groups, that returned a naignificant differencef(98) =- 1.60,p = .11. Once again, data did

not seem to indicate differencesthe degree of comprehensibility of the two formats. Thus,
Hypothesis 3 was again not confirmed by data

Discussion
Results of the present study extended the bias in perceived probability to ratios with a
denominator in the teen and hundred order ofmitade. That allowed to generalize previous
affirmation in the following way: a ratio in a proportion format (i.®&, in X0) is normally
perceived as conveying a higher probability than the equivalent ratio in a rate formah (ire.,
NXO0).
The use ofr ati os of di fferent superficial appearan
intentions for choice, as the number of people declaring the will of performing amniocentesis
was always high, and did not change according to experimental condition. Alsyptiteesis
on a supposed higher difficulty of thi& in X0 format in respect téN in NX0 ones did not
receive suppotin thedata, as participants showed the same degree of comprehension for both
formats. The absence of a difference in comprehensibilitheotwo formats confirmed results
obtained in the previous study with a different inventory; findings did not bear support to results
in the literature (see, e.g., Grimes and Snively, 1999) suggesting an advantage of rates over
proportions in terms of moerical comprehensioflowever, the absence of an effect cdudde
beenthe result of the questions chosen to measure coemsin. These questions should be

reviewed and ameliorated.
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Study 2.4

Goals
Until now, results seemed to converge on a specific effect ofilthie X0 format. One last
possibility, though had to be ruled out. In the experiments, frequently (and yrsedlthefil in
X0 format featured a smaller denominator than any other format fislgn NX0).%? The fact
that participants perceivedl in X0 as larger tharfiN in NX0 might thus have reflected a
general focus on the denominator of the Piticather tha a specific effect of thél in X0
format, and peoplés tendency to provide lower probability judgments as the number of people
exposed to a threat increases (Yamaguchi, 1998), that is when the denominator increases.
However, if the effect in probabilitassessment was due to a phenomenon like numerator
neglect (i.e., to the magnitude of the denominator and not télthe Xo format), the same
effect should be found even when comparing ratios not featuring 1 at the numerator. In
particular, a higher probdity perception should be found for the ratio having the smaller
numbereedenominator than for the ratio having the larger numbdeswdminator. However, it
was instead believed, that the effect in perceived probability was not due to participants
focusing on the magnitude of the denominator, but to the specific format employed (ifil, the
in X0 format). In line with this prediction, the hypothesis (to be disconfirmed) for the present

study was:

Hypothesis: In line with the numerator neglect hypothes, people give a higher
judgment of the same probability when expressed in &N in N*X 0 format than in a
AN, in Np*X o format, f N*X<N* X and bot hi N1 1 and N

Method

Participants. A total of a sixtysix individual§* from the general population tegart in the
experiment voluntarily. Mean age was approximately 32 y88 £ 12), varying between a
minimum of 18 to a maximum of 68. Of the sample, 46.2% B80) had a high school diploma,
44.6% € = 29) a University degree/ a higher title, while thikess had a low education levels
(Ali cenza medi aonepersod didinetlrepart ¢his tnfarmatian) The majority of
participants (72.7%n = 48) declared not having children, while the 27.3% of them (.8),

had one or more children.

®2 The only exceptions were some of the ratios employed in Study 2.1, precisely those defining the

mo t h e rclassesdra@re2?29 downwards (e.g., 1 in 1480 vs. 0.7 in 1000).

% As people might have realide t h a't the division of a number for
Aismall number 0.

® For a mistake, the questionnaires did not contain a question assessing the gender of respondents,
therefore such variablould not becontrolled for.
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Design and material. A scenario similar to that employed in all preceding studies (apart from
Study 1.1) was used, describing a couple being informed by the gynaecologist on the maternal
agerelated risk of having a child with Down syndrome. The probability, egee through a
numerical ratio, couldiseboth comparatively smaller or comparatively larger numbers at the
numerator andenominator, caring that in none of the formats the number 1 would be employed
at the numeratoiThus, inone version, the probabilityas expressed as 3 in 4®nparatively
smaller numberswhile in the other as 10 in 160 (comparatively larger numbers).

After having read the scenario, participants read instructions asking them 4gagoland
imagine themselves as one of the twospeztive parents described in the scenario. Within that
context, they rated the magnitude of the numerical probability of having a child with Down
syndrome. They had to providetiezation on a graphical-goint scale with the two extremes

and the central gint labelled agiowd, fihigho, andfimoderaté, respectively. The scale was

similar to that employed in Study 2.gee Appendix.

Procedure.Each participant was randomly assigned to one of the two conditions constructed to
follow the experimental desigrindividuals could complete the questionnaire at their pace,
without any time constraints. Anonymity and confidentiality were ensurtgbto

Results
Mean ratings of subjective probability did not significantly differ when the probability was
expressed a3in 48 M = 3.88,SD=1.87) or as 10 in 160M = 3.67,SD= 1.74),t(64)= .48,p
= .64. Thus, Hypothesis 1 was not supported by data.

Discussion
Results showed, that the probability percepti ol
i n Xmat, bub using denominators of different magnitudes (i.e., 48 < 160) did not differ
significantly. Hence, the tested hypothesis was not supported by data; however, the null result
(given the rules of inferential statistics) did not allexcluding that numerator neglect was
anyway present. However, the fact, that the hypothesis in line with numerator neglect was not
bear by findings, in any case indicated that results obtained in all experiments presented so far
could not in principle be explained by aneolook of the numerator. Anyway, these results did
not allow drawing ultimate conclusions on the fundamental function of the number 1 at the
numerator of the ratio to obtain the effect of higher probability perception described. With that
aim, a further eperiment had to be carried out (see Study 2.6) in order to perform a direct test

of the necessity df h & in X0 format to generate the effect at study.
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Study 2.5

A special thanks to Alessio Sperlinga and Mariarita Barisione for having advertiseddyosttheir

web-site$®

Goals
Is thefil in X0 format really peculiar? What is/are the specific feature/s ofithia X0 format
that can be deemed responsible for the higher perceived probability found compared to ratios in
fiN in NXo formats?
Aim of this short study was that of investigating whether a ratio value prompted a different
degree of mathematical operations when expressedfih ia X0 format rather than in its
equivalentiN in NXo format. In particular, the mental operation analyzed was tranafanf®,
and, differently from previous studies, ratio values were not contextualized but they were pure
mathematical quantities. Potential goafl this investigation was that of isolating some
peculiarities of the two types of ratio formats. Indeed, iim@nwas that of employing those
expressions in a further study where they would have conveyed a probabilityegnaiould
havebeen linked to the usual outcome (i.e., having a Down syndrome affected shdd)ext
study.
It was predicted that when dey with thefil in X0 format a large number of people would
have not operated a transformation, due to its particular character of expressing an irreducible
fractior?’. Instead, the opposite was expected forftiién NXo formats, because of expressing
reducible fraction®. The hypothesis of the study was,

Hypothesis: People do not tend to operate a transformation on a ratio expressed in a

fil in X0 format, but they do tend to transform ratios expressed infiN in NXo
formats.

Method

% The websitesverehttp://www.bambini.it/andhttp://www.iimondodeigemelli.orgtespectively.

% |n Mathematics, a transformation is an equivalent change in an expression or eqeattomgrécom

the substitution of one set of variables by another.

®" An irreducible fraction (or fraction in lowest terms or reduced form)\slgar fractionin which the
numeratoanddenominatoiare smaller than those in any other equivalent vulgar fraction. It can be shown
thatafractm aub i s irreduci bl eoprimé thatis df a and b haveigieatest a n d
comnon divisorof 1 (Dodero, BaroncinendManfredi, 2001, p. 55).

% As the structure itself shows, i\ in NX0 = N(1 in X), iN in NXo ratios are reducible to ratios in a

fil in X0 format by dividing both numerator and denominator by N.
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Participants. Fifty-eight individual$® from the general population took part in the study
voluntarily. The data of nine individuals had to be eliminated due to some prébléms the
sample employed for analyses comprised 49 people (29 females and 19amalpsrson did
notreport the gender).

Design and materialThe study manipulated a single factor, namely the format of the numerical

ratio expressing the same probability (i.e., .04), in a wishilpjects design. The ratieas stated

in four variants, where one hadih in Xo format (i.e., 1 in 25), while three had 8N in NXo

format (i.e., 0.4 in 10, 2 in 50, and 10 in 250). The order in which the four variants appeared in

the questionnaire was fully randomized thus to coftrobrder effects.

For each format of theatio, people were asked to report whether they were used to transform it
(yessnoansweda short example of what was meant with

beginning of the page.

Procedure.An electronic version of the questionnaire was accebgquhrticipants who were
randomly assigned by the program to one of the 24 conditions constructed to fully control order
effects a minimum of 2 participants per condition was considered necessary in each order
condition. Individuals were allowed an urtrgged amount of time to complete the

questionnaire by themselves.

Results and discussion
Contingencies on whether participants to the study were used to transform the ratios proposed,
or instead they normally used to consider them the ways they wesenped, are shown in
Table 1.

%9 Mean age was 31ykars 6D = 5.9) ranging from 22 to 46. Of the sample, 41 individuals (85.4%) had

a high education level, with 24 (50%) having a (3/5 Years) University degree, and 17 (35.4%), a higher
title like Master, PhD, or Specialization school diploma, while th&%4of them (n = 7) had a high

school diplomaone person did not disclose information on this question

"0 Some participants accessed more than one survey, thus data of the second or third one (individuated
through data and time of access automaticallisteged by the program) were erased and only data of the
first one completed were retained.
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Table 1

Frequencies (% in parentheses) of participants declaring to be used to transform/not
transform each of the four proposed formats, along with the binomial test results of
equivalence of distribution

Do you transfam?

Ratio Format yes no Total Binomial Tes
0.4in 10 32(65.3) 17(34.7) 49 p=.04
2in 50 33(67.3) 16(32.7) 49 p=.02
10in 250 39(79.6) 10(20.4) 49 p<.001
1in25 6(12.2) 43(87.8) 49 p<.001

Total 110(56)  86(44) 196(100

Overall people sowed a tendency to operate transformations on the ratios more frequently (i.e.,
56%) than not operating them, even t’flpNigh t he
= 196) = 2.94p = .08. The number of participants who declared to transforti@format and

that of those who declared not to transform it differed significant for every fatinat

examined, as showed by results of the binomial tests reported in Table 1.

Results of the six pair wise comparison using Bonferroni compgéb/6=] .0083 were

performed whose results are reported in Table 2.

Table 2

Results of the MeNemar tests performed for each pair wise comparison in the four
experimental conditions for those participants who did not transform the format (in grey
the significantcomparisons)

Ratio Format

1 2 3 4
Ratio Format 2in50 0.4in 10 1in25 10 in 250
1 G’ = 29.26, ¢’ =23.31, G'=29.26,
2in 50 p=1.00 p<.001 p=.07
2 G =20.83, G =29.26,
0.4in 10 p<.001 p=.12
3 G(49)=29.26,
1lin25 p<.001
Participantsd behaviour when dealing with the

dealing with any of the othdiN in NXo formats. Indeed, while the majority of them declared
not to be used to transform the 1 in 28io format, the majoty declared the opposite when
dealing wth 2 in 50, 0.4 in 10, andO in 250 ratio formats. Furthermore, the comparison

between behaviour towards each of the three ratios ifiNain NXo0 format and any of the
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remaining two did not give siificant resulg, thus proving thatpr t i ci pant s6 behavi
differ across them.

Hence, the hypothesis of the study was fully confirmed, and it could be affirmed that while the

majority of people tended to leave the in X0 format untouched, the majority of therts@

tended to transforiiN in NXo ratio formats.
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Study 2.6

A special thanks to Prof. Vittorio Girotto and Stefania Pighin for hints on the impletioenté research
goals of this sudy

Goals
Study 2.4 showed, that the probability perceptions of twovatent ratios, none appearing in
formats featuring directly &l in X0 and using denominators of different magnitudes (i.e., 48 <
160), did not differ significantly. Anyway, these findings did not allow to draw ultimate
conclusions on the fundamental &tion of thenumber 1 at the numerator of a ratio for the
appearance of the bias at study, namely on the necessity to have number 1 at the numerator for
the higher probability perception to be elicited. Herhe, present experiment was carried out.

The sgecific first hypothesis of the study was the following:

Hypothesis1: People give higher judgments of the same probability when expressed
in a Al in X0 format than in a AN in NX0 format, and the same probability
expressed asiN in N*X 0 or fiN; in N*X 0 does not evoke different judgments.

Also, in the present study, the investigation on the tendency to transform the ratios that
had beerstarted in the previous study was continbece Differently from Study 2.5, however,
where the investigation occurredr fratio formats manipulated withisubjects, in the present
study analyses regarded ratio values manipulated betsudgects; not onlyas here the
probabilities referred to a specific outcome, i.e., prdigbdf having a Down syndrome
affected child.t coul d have been the case, t hat peopl e
expressions were not abstracted from an outcome. Hence, in line with findings of Study 2.5, the

following prediction was made,
Hypothesis2: When it refers to a specific outcome(i.e., having a Down syndrome
affected child), people do not tend to operate a transformation on a ratid it has a

fil in X0 format, but they do transformitifithasan AN i n NXo f or mat .

If verified, Hypothesi® would have further confirmed tii& in X0 format idiosyncrasy.
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Method
Participants. One-hundredsixty-nine individuals (97 females and 62 males) from the general
population took part in the study voluntarily, all recruited through offlioeword of mouth
advertisement. The data of 10 seys had to be eliminated due to sampling probfértisus the
final sample was constited by 159 individuals.
Mean age was 31.56 yea&J= 6.38), ranging from 21 to 60. Of the sample, the large majority
(n =123, 77.4%) had a (3/5 Years) University dege= 82, 51.6%) or a higher title like
Master, PhD, or Specialization school diploma=(41, 25.8%), while a 22.7% had either a high
school diplomarf= 3 3) or dicehzameelia ) t i M& BY, 80i1%) did not have
children- one person didiot answer to this question; only ten people (the 6.5% of the sample)
declared to have been reported by a health specialist the information on their probability of

having a child affected by Down syndrome.

Design and materialParticipants read the sarseenario to that employed in Study 2.2 but on a
web-page, roleplaying and imagining themselves as prospective parents. The single factor
manipulated betweesubjects was theumerical raticexpressing thagerelated probability of
having an affected chil the ratiocould beexpressedh four variants. Only one of the ratios had
thefil in Xoformat (i.e. fitarged), while the others hadfdN in NXo format. Also, h the present
study, the comparison of aneé® i n X0 rati o for matprewausdy ext end
testedN in NXo formats (one even had a numerator smaller thafhls, the values employed
were 1 in 25 afl in X0 format, while0.4 in 1Q 2 in 50, and 10 in 250 @ in NXo formats.

Within the described context, participants were askedbgective magnitude evaluation of the
probability on a #oint Likertscale fromfextremely lovd to fiextremely higld. Then, on a
separate wepage, they were asked to report whether in order to perform the magnitude
evaluation task requirethey had omot transforme® the ratio format. To conclude, the next

web page addressed the sed@mographic variables.

Procedure.An electronic version of the questionnaire was accessed by participants who were
randomly assigned by the program to one of the fonditions constructed to follow the 4

(ratio format) betweesubjects design. A minimum of 30 participants per condition was
necessary to make statistical comparison valid. Individuals were allowed an unrestricted amount

of time to complete the questionraalry themselves.

i.e. newsletter or link to potential participants from the University of Trento main internet page.

2 The computer server did not allow an individual to submibmpleted questionnaire more than once

per browser session. Still, individuals could submit multiple questionnaires if they closed their browser,

reopened it, and returned to the Web site. That had been judged unlikely, especially considering that
participants were informed about the absence of payments or rewards. Nevertheless, this phenomenon

was showed by participants in 5 cases, thus forcing us to eliminate 10 questionnaires from data analysis.

A short example of what wgienatthedbeginning gfthé wpbgen sf or mat i ¢
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Results
Means for perceived probability in each ratio format condition are given in Table 1 and visually

represented for an even more immediate comparison in Fig. 1.

Table 1 !

Mean perceived probability in each of th 6

four experimental caditions (SD in 5

parentheses) 4

Ratio Forma Mean SD z I I IE
0.4in1C 3.63 1.61 1- ‘ : :

1in 25 4.42 1.71 1in25 2in50 10in 250 0.4in 10
2in50 4.17 1.51

Fig. 1. Mean perceived probability in the
10in 25C 3.72 1.19 four ratio format experimental conditions

The visual inspection of Fig. immediately suggests that a different subjective assessment of
probability corresponded to the different ratio formats, even though not for all of them. Indeed,
pair wise comparison confirmed this visual impression only in two cases, i.e., in the comparis
of meanperceived probability for thé in 25and the0.4 in 10 formats(79) =-2.15,p = .04,

and in that of thd in 25and thelO in 250 formatst(74) =-2.06,p = .04 (see Table 2). These
results showed that thfé in X0 format was perceived agaificantly higher tharboth that of

0,4 in 10 and ofLl0 in 250, bumot different from the2 in 50 format. All the other pair wise
comparison among formats other thanin Xo did not return significant differences. Thus, it
could be affirmed that therfit hypothesis of this study was generally supported by data (if we

exclude the 2 in 50 case mentioned above).

Table 2
Results ofpair wise t-tests on perceived probability for each combination of the four
experimental conditions (in grey the significacbmparisons)

Ratio Format

1. 2. 3. 4.
2in 50 0.4in 10 1in 25 10 in 250

Ratio Format (n=42) (n=41) (n =40) (n = 36)
1. t(81) = 1.55, t(80) =-.73, t(76) = 1.43,

2in 50 p=.12 p=.47 p=.16
2. t(79) =-2.15, t(75) =-.27,

0.4in 10 p=.04 p=.79
3. t(74) =-2.06,

1in 25 p=.04
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For what concerns the second variable, that was, whether people had transformed the ratio
format before evaluation, or instead considered it in the way it was express@tjamies are

shown in Téle 3.

Overall, across formats, the majority of participants (i.e., 57.9%) declared having not
transformed the format they read in the scenario before evaluating its magnitude, a significant
difference,6°(1, N = 159) = 3.93p = .047. Nevertheless, looking at the distributions, in Table 3,

it appeared evident that this significant result was due to the significantly higher majority of
people who declared not to have transformed rather than transforen@dntt25ratio format
(indeed, clearly the other comparisons had not generated any significance, as the distribution of
answers in the two options was almost the sath&) was confirmed by ztest for proportions
between those participants who wereegivthefil in X0 format condition and thoseho were

given onefiN in NXo format condition, z =8.09, 99.9% confidence interval-{diled).

Table 3
Frequencies of participants (% in parentheses) who transformed and did not
transform the proposed format ithe four experimental conditions

Did you transform?

Ratio Forma yes no n
1in25  8(20.0) 32 (80.0) 40
2in50 20 (47.6) 22 (52.4) 42

10in25C 20 (55.6) 16 (44.4) 36
0.4in1C 19 (46.3) 22 (53.7) 41
Total 67 (42.1) 92 (57.9) 159 (100)

When separately comparing tfie in Xo format (i.e., 1 in 25) with any of the other thi@é in

NXo formats, all three -tests for proportions returned significant valuramelyz = 2.28,
98.9% confidence interval (with 0.4 in 10 @ in NX formab); z = 2.40, 99.2% confidence
interval (with 2 in 50 agiN in NX formab), z = 2.97, 99.9% confidence interval, (with 10 in
250 asfiN in NX formab), all 1-tailed. Thus, while for the ratio expressed infiie i n X0
format, the majority of people did not tkrto operate a transformation, for those ratios
expressed i@n AN in NXo format the majority of them did. Hence, data confirmed the second

hypothesis of the study even when the ratios where referred to a specific situation.
Further analyses.Here following further analyses made on the basis of a distinction between

those participants who did and those who did not transform the format received are reported.

These analyses have only an exploratory value, as indeed the calculations had almost always
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been mde on groups of evidently different numerosities, some of which were definitely too low
to return reliable measurés

Table 4 reports the mean perceived probability in eachgsup of the four experimental
conditions obtained taking into account whetbarticipants declared having transformed or not
the format received. The same descriptive means repaonte@iable 4 are also visually
represented in Fig. 2.

Table 4

Mean perceived probability in the four experimental conditions separately assesseddse th
who declared to have transformed the format and for those who declared they did not (SD in
parentheses)

Ratio Format

Transf. 1lin25 2in50 10 in 250 0,4in 10
Yes 3.62(1.61) 4.20(1.44) 3.55(1.05)  4.16 (1.43)
n =8 n =20 n =20 n =19
No  4.62(179) 414 (1.61) 3.94(1.34)  3.18(1.65)
n =32 n =22 n =16 n =22

¥ Transf ¥ No Transf.

m
1
BoW s o

2in50 04in10 1in25 10in 250

1 - T T v d

L U N T B = BN

1in 25 2in 50 100 250 04in 10

2in 50 0.4in 10 1in 25 10in 250

Fig. 2. Mean perceived probability for each of the four experimental conditions
distinguishing those who did/did not transform the ratio format (whose assessments are
separately repregnted inthe two smaller figures)

™ Because of the low numerosity (i:e< 30) in each experimental condition of the two groups, non
parametric tests were used.
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For participants who declared having not transformed the ratio format received, six pair wise
independent ManlVhitney tests were performed whose results are reported in Table 5. Only
one sgnificant difference was found.

Table 5

Results of the pairwise MannWhitney tests performed on perceived probability in the four
experimental conditions for those who did not transform the format grey the significant
comparison

Ratio Format

1 2 3 4

2in 50 0.4in 10 1lin25 10 in 250

Ratio Format (n=22) (n=22) (n=32) (n=16)
1 Z=-1.95, Z=-1.08, Z=-.42,

2in 50 p=.051 p=.28 p=.693
2 Z=-2,84, Z=-1.63,

0.4in 10 p=.01 p=.10
3 Z=-1,44,

1lin25 p=.15

For participants in the send group (i.e.those who declared having not transformed the ratio
format received), six pair wise independent Malhitney tests were performed whose results

are reported in Table 6. No significant differences were found.

The effect of each of two ohé sociedemographic variable (i.e., having children/not, and
having been/not communicated by a doctor the probability of the future child be affected by
Down syndrome) taken separately was not analyzable, because of the large differences in
numerosity bateen the two groups (yes/no) to be compared. The attempt to create a new

variable (i.e., Afamiliarityo) as in Study 1.2

Table 6
Results of pairwise MannhWhitney tests on perceived probability in the four experimental
conditions forthose who did transform the format

Ratio Format

1 2 3 4

2in 50 0.4in 10 1in25 10 in 250

Ratio Format (n=20) (n=19) (n=18) (n=20)
1 Z=-.16, Z=-73, Z=-1.42,

2in 50 p=.87 p=.46 p=.16
2 Z=-.60, Z=--1.24,

0.4in 10 p=.55 p=.21

3 Z=-.29,

1in 25 p=.77
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Discussion
The present study further corroborated the peculiarity offithén X0 format in probability
perception thanks to the simultaneous demonstration of two phenomena. Indeed, results showed
that theprobability perceptions of two equivalent ratios none of which featuring directliflthe
in Xo format did not di ffer significa@antly.
probability judgments were systematically higher forfiheén Xo format intwo out of the three
pair wise comparison among ratios where one appeared il the X0 format. Thus, it was
demonstrated, that the presence versus absence fif theXo format in one term of the pair
wisecompari son coullindKeffeett er mi ne t he i
Findings on the variable transformation further confirmed the idiosyncrasy of the 1 in X format
found in Study 2.5, as that was the only format tested on which the slight majority of
participants declared not to have applied the mathematical operation.
In sum, throug t hi s dltinuXdeffecb rdcdived additional corroboration. Its strength
was additionally raised by findings indicating that the higher probability judgmentd be
obtained despite the %86 (in the case of 10 in 250) and the 3% (in the case of the.din 10)
of the subsamples declared to have transformed the format received.
Further investigation of the peculiarities of the 1 in X format could helpliscover the
mechanism at the basis of thg in X0 effect. Future studies atd, for example, identify the
ratio formats in which the proposed ratios are normally transformed, in order to detect 1) which

feature, if any, is responsible, in those ratios, for the higher/lower probability judgment; 2)

At

which are the clues that couléth p cl ari fy the ment al processes

during the probability evaluations process.
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The effect of individual differences on the bias under study

A growing body of research has documented a variety of individual differencesfthahae
decision making accuracy. Even if the specific analyses are not reported, in each of the studies
described until here both in Section 1 and Section 2, demographical and individual differences
among participants had been checked for in the extemhich they were affected by thi# in

Xobias. Overall the list below summarized results:

e Gender (all studies): no effect
e Age (all studies): no effect
e Education level(all studies): no effect
e Familiarity with the scenario (Study 1.2., our question; Sty@.1, expostconstruct):
the Al iwa¥X pféeen®d® only on those particip
outcome at sidy (i.e., Down syndrome)in Study 1.2, results obtained only through
exploratory analyses, as the necessary conditions tdéelypothesis were not present
e Information -processing style(Study 2.1 REI scale, k., Pacini and Epstein, 1999:
il in X effectod only on | ow experiential
e Numeracy:
e objective measure,that was obtained by means of Lipkus, Samsa, and Rimer
( 2 00 1verdorys(Study1l ) : feffectd only ox highnumerates
e subjective measure that was obtained by means of Fagerlin, ZikmbEigher,
Ubel, Jankovic, Derry, and SmitR©Q 07 ) 6 s i nv e ntlonrXyeffeco( St udy 2
only on highnumerates
e Having children or not (Study 2.1): having already one or more children was a

necessary condition for the ratio format effect to appear

> Two OneWay ANOVAs on perceived probability with ratio format astweensubjects ariable were

separately conducted on the those who had declaagohg children and on those who had instead

declared they did not have anyegtlts showed that having already one or more children appeared to be
necessary condition for the formdfeet to appearF(2, 113) = 8.41p=.000,d’= .133for those who had

children while F(2, 131)=.975,p =.380 f.s) for those who did not have children.

In those participants who had childréhp st hoc compari sons us.thathelFi sher 6s
in 200 format was perceived as significantly highdr=4.34,SD=1.70) tharboththe 5 in 1000 format

(M =3.26,SD=1.25,p =.002) and the 50 in 10,000 form&t € 3.00,SD= 1.43,p =.000), but the latter

two formatsdid not differsignificantlyin terms of perceived probability judgment evoked
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SECTION 3, or

An affective explanation?

The heart has its reasons, of which reason knows nothing.

BlaisePascal

An account thiahas not beemxamined until now concerrthe different degree of
affective reaction to the numerical expressions of probability compared each time. The
relevance of such emotional response to stimuli for probability assessment, and in turn to the
bias atstudy can be summarized in the following two considerations.

First of all, Peters, Lipkus, and Diefenbach (2006) had showed in an experiment that the
superficial features of stimuld. are able to sh;q
thathe | atter in turn have the power of i nfluen:
means ofthesoal | ed A af-fsee Chaptdr 2 (e.g9.i Finticardhakami, Slovic, and
Johnson, 2000; Slovic, Finucane, Peters, and MacGregor, 2004; Slowetans, 2006).

Secondly, also two of the theories (i.e., CEST theory, and the risk as analysis and risk as
feelings approach) that have specifically addressed the phenomenon under study, namely
peopleds evaluative behayvficmluappeavahce are amployedp s o f [
have explained findings in terms of a prevalence of the experiential system over the rational
one. Furthermore, some findings (awaiting further confirmation) obtained in the previous
section (i.e., Study 2.1), namely thatioaality was not related with the bias under study, while
individuals showing a low degree of experientiality were those more prone to the bias, seemed
to indicate a relevant role of the experiential system in the manifestation of the tendency.

In light of both theoretical considerations made above, and of the preliminary findings
just reviewed, it was reasoned, that even in the present case the emotional responses to the
superficial differences of the ratios might have explained (partly or completelyglifferences
found in participantsdé perceived probability.
section was, to inspect if the affective information conveyed by equivalent ratio formats with a
different superficial structure (nameR4, in X0 and fiN in NXo formats) was in fact different. It
has to be reminded from the characterisation made in Chapter 2, that the experiential system is
more affective in nature than the analytic one, and it is influenced by emotions, images, and
intuitions. Possily, these factors could have explained the different degree of perceived
probability assessed for the two formats.

Since both direct and indirect means of measuring affect exist, both were tested. A direct mean

will be employed in Study 3.1, while an inelot one in Study 3.2.
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Study 3.1

Goals
In the field of risk research, affect is normally measured viarsplirt, that is a direct method
of assessmerdonsisting in indicating on a scale whether the hazard is judged dsogdad,
positive or negativésee, for example, Alakhami and Slovic, 1994). In a similar way, in the
present study the evaluation of the affective answer to stimuli was measured through two direct
guestions, namely by asking participants to separately estimate the degree of pasivigt
of negativity of their feeling for the uncertain outcome. The specific hypothesis of the

experiment was,

Hypothesis: When expressed in @l in X0 format, a probability conveys a higher
degree of negative feelings [and a lower degree of positifeelings] than when

communicated in one of the equivalendiN in NXo formats.

Method
Participants.A total of a hundred and twentne individuals (73 women and 48 men) from the
general population took part in the experiment voluntarily. Mean age wasxapately 28.3
yrs. (SD = 7.2), varying between a minimum of 18 to a maximum ofahe person did not

disclosethis information.

Design and material Participants read the usual scenario of a couple of prospective parents

who received by the gynaecolsgithe communication of their probability of having a child

affected by Down syndrome. They were exhorted to-ptdg one of the prospective parents

described in the scenario (according to their gender).

The study manipulated a single factor betviegibjects, namely the ratio format employed to
communicate the probability: the numbers at the numerator and at the denominator of such a
ratio could be either both comparatively fAsmal
other condition, with one ratiin afil in Xo format and the other inf@ in NXo format. 1 in 12

and 10 in 120 were the ratio chosen for this study, alike in Study 2.3.

After having read the scenario, participants answered to two questions, whose order was

controlled fof®, separatelyassessing the degree of positivity and that of negativii their

® To easily identify the conditions according to the order in which the two questions appeared in the
questionnaire, the case where the negative question appeared before the positive one has been redubbed
asforder 10 for the description of the study, while
" One question measured the degree of negativity of the feeling, while the other the degree of positivity

of the feeling.
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feeling for theprobability of Al in X0 [fiN in NX0] of having a Down syndromeaffected
child. The estimation had to be provided on arptiht Likert scale anchored finot at all
negatved a exttemély negativiin the case of the negative assessment, whifaao at all
positived a extiemdly positive, in that of the positive assessment, with no verbally labelled

points in between in both cases.

Procedure.Each participant was mdomly assigned to one of the four experimental conditions
created to correspond to the experimental design. Individuals could complete the questionnaire

at their pace, without any time constraints.

Results
One participant was excluded from the analys®sause of not providing an answer to one of
the two scales. Therefore, analyses were performed on a total of 120 participants.
No effects were founthat could beattribued to the order of the two questiortgg(118) =-
.38,p=.71 and 1y,5(118)=- .38,p = .62 (see Table 1).

Table 1
Mean declared degree of negative and positive affect in
each order condition

Order n Mean SD
Neg 1 62 4.26 3.10
2 58 4.47 2.95
Pos 1 62 6.90 3.29
2 58 6.60 3.21

A oneway within-subjects (or repeated nsemes) ANOVA on the effect of ratio format on the
two measures of affect (negative and positive) returned no significant main effect for the ratio
format, Wi | k=.89 F&, 115) = .12p = .69,d,” = .01. No significantly different negative
affective evaluations were provided in the two ratio format conditiefis,116) = .08p = .78,
d,”=.00; the same had to be affirmed for the positive affectiveuatians,F(1, 116) = .63p =

43, d,’ = .01- for exact means see the following Table (i.e., Table 2), while for a graphical

representation, see Fig. 1.

132



Chapter 3

Table 2
Mean perceived negative and positive affect for the probability in each
experimental condibn

Ratio format

lin12 10in 120 Total
Affect (n=61) (n=59) (n=120)
Negative  4.26 (2.87) 4.46 (3.18) 4.36 (3.02)
Positive 7.00 (3.05) 6.51 (3.44) 6.76 (3.24)

11 mlinl2 ®m10in 120
10

9

8

7

6

5

4

3

2

1

0 T

Negative Positive

Fig. 1. Mean negative and positive affect in the two experimental conditions

Discussion
No difference was found in terms of positive and negative affect elicited by the ratio between
the two formatqfil in X0 andfiN in NX0) expressing the same probability of having a Down
syndromeaffected child. The two uil results obtained tbugh a direct testing methodology
leackd to think that the affective explanation was not the adequate one for the systematic effect

at study®.

8The same result was obtained even when using the tymeasure normally used in decision making

studies investigating the affect variable, i.e. a single bipolar scale anchdieel 1ot r e me |l sgnd negat i ve
fliextremely positive, with the haiway poi nt | abel ed fneutral o.s I ndeed,
on the scale were obtained in the two ratio conditions for the 96 individuals of the general population who
participated in the studW; i, 1.~ 3.42 ED=1.90) andMg i, 106= 3.96 SD= 1.70),t(94) =-1.47,p = .14.
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Study 3.2

Goals
A direct methodology for assessing affect can sometimes not be the most adequate for some
decsional situations. It could have been the case of Study 3.1, as social desirability concerns
might have played a role (Down syndrome can be a displeasing or embarrassing domain for
some people), making thus participants alter their responses. Or, it maightoeen the case,
that in such study individuals had found it hard to recognize their own mental processes since,
as affirmed by Dohl e, Kel l er, and Siegrist ( 2
introspective capabilityo.

In similar cases, implitimeasures of attitudes (i.e., an indirect method) represent a valid
alternative methodology for assessing affective associations. In a study on the potential adverse
economic impact of a proposed nuclear waste repository site, Slovic, Layman, Kraus, Flynn
Chalmers, and Gesell (1991), for instance, used an indirect strategy instead than direct questions
to assess peopleds perceived impact of nucl ear
of avoiding introspective judgments that are often criéidizas not trustworthy because of
peoplebds difficulty in foreseeing |l ong distanc
version of the fAmethod of continued associati
described as having been very extensivslgd by Galton, Wundt, and Freud. Waskociation
techniques are easy and efficient ways of determining the contents and representational systems
of human minds without requiring those contents to be expressed in the full discursive structure
of human laguage. As a consequence, such techniques are thought to be better ways of
revealing ideas or associations otherwise probably difficult to spell out. In the version modified
for the experiment, partici pant sstdbthoughtsmvi ¢ and
images (normally a word or a very brief phrase) they associated with the target stimulus. After
having stated their mental associations, participants were requested an evaluation of each image
in terms of affective meaning on a short5(4bint) Likert scale, ranging froffivery negative/

fivery baa to fivery positivéy fivery good.”

Inorderto obtainanoverallimgery i ndex, fithe summa byitheauthongdel 6 hac
namelya scoring method consisting in summing and averaging ratings for all the images a redpashdent

produced. Results using this methodology are somewhat mixed. For instance, og giéeo Slovic et

al . (1991)6s results showed that i mage ratings anct
peopl ed s(i.ebukirhatewacation choicepreferences for cities, and states in which to take a new

job, retire, or site a busings Moreover, when a further surveging exactly the same methodologgsm

performed 1618 months lateon smaller samples ofthe sameparticipants data confirmed that the

affective qualities of a person's weadsociations were clearly related to thebatuaility that the person

would subsequently undertake a given behavior. Similar results using the same methodology were

obtained in a study on adolescents by Benthin, Slovic, Moran, Severson, Mertz, and Gerrard (1995): the

affective quality of imagery aatieas a strong predictor for participation in some healhted behavior.
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I n the present experi ment, it was decided
continued associationso used bhthedfécoheuristicitand c ol |
was expected, that the two superficial ways of expresbmgame probability, namedyiil in
Xoor in afN in NXo format for the numerical ratipmight have elicited mental images whose
degree of affective tag could vary, thaslirectly influencing the (different) degree of perceived
probability in the two cases. In particular, the specific hypothesis for the study was that,

Hypothesis: The negativity of the affect conveyed byan imageevoked by agiven
probability is higher when such probability is expressed by a ratio in @1 in X0

format than in an equivalentfiN in NXo format.

Method
Participants. Sixty-sevenindividuals from the general population (39 females and 27 males)
took part in the study voluntarily, all recruitedckto-face in public locations (e.g., libraries,
town parks). The data of one person had to be eliminated due to some problems in
comprehension of the Italian language. Thus, the final sample comprised 66 individuals.
Mean age was 30.25 yeaS0= 11.3),ranging from 18 to 650ne person did not report this
information. SeHreported education level was generally quite high, as the 50% of the sample (
= 33) had a (3/5 Years) University degree, 3 people (4.5%) a higher title like Master, PhD, or
Specialiation school diploma, and the 40.9 % of the sample= (27) had a high school
di ploma, while only 3 peolxcéneamedia.)s %) possessed ¢
Only the 24.2% of the sampla € 16) had one or more children. Among these, only 3 people
declarel to have been reported by a health specialist the information on their probability of

having a child affected by Down syndrome.

Design and materialThe scenario employed was similar to that used in previous studies. The

maternal ageelated probabilityhat the future child would be affected by Down syndrome was

expressed through a numerical ratio that could be expressed watiants, namelpne using a

Al in X0 fiokOGhandore .esi,ng a AN 5HinaMNOPOoAsihor mat (|
previous studies, the single factor manipulated betveedajects was the relative magnitude of

both numerator and denominator in each ratio. Nevertheless, this time instead than a subjective

assessment of the probability, participants were asked to repoitsthenfige coming to their

On the other hand, results of a study on financial judgments (MacGregor, Slovic, Dreman, and Berry,
2000) showed that despite the fact imagery and affective evaluations were dogtdiated with one
another, and with the likelihood of investing, the latter allowed for low degree of predicted actual market
performance. This could well be a product of the difficulty in forecasting future behavior, which is
particularly strong for té financial context in which conditions on whose basis decisions have to be taken
are continuously changing. Anyway, as difficulty in forecasting future behavior is common to other
fields, it cannot be explained why the variable would not play a rolegetbther studies.
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mind when thinking about the specified numerical probability of having a child with Down
syndromé&’. Following the elicitation of the image, respondents were asked to rate it on a scale
ranging from very negative @), somewhat egative { 1), neutral (0), somewhat positive (+ 1),

or very positive (+ 2).

Procedure.Each participant received a paper copy of one out of the two versions of the survey
constructed to follow the experimental design. A minimum of 30 participants péitioanvas
necessary to make statistical comparison valid. Individuals were allowed an unrestricted amount
of time to complete the questionnaire by themselves. Anonymity and confidentiality were

ensured, as well as a short debrief given to them at thefetada collection.

Results

A total of 66 mental images was generated (1 each participant), whose complete list is available
on request from the experimenter. Table 1 shows the distribution of such images in content
categories created on the basis ofaagification scheme developed laak for the study. As the
nature of the analysis on images was only explorative, and our interest was mainly on the affect
conveyed by the images, the standard procedure for analyzing qualitative data (i.e., multiple
codes) was not adopted.

The most frequently evoked idea in the sample 15, 22.7 %) was a material image of
the child him/herself or of a specific physical detail. Nurturance, and need of special care was
the next thought in terms of frequenay= 6, 9.1%), and the idea of a person affected by the
disease and known like participant, together with tharousalof difficulties/problems, or the
association with a specific colour were the images immeditaidwing (n =5 each; 7.6 %).
Similarly to Finucane, Slovic, and Mertz (2000), the general affect rating across the images, as
well as their mean affective valence, was calculated for all the responders. The rating was
slightly negative ¥ = -.14, SD = 1.29). The majority ofmages wasiegative or very egative
(n= 33, 50.0%), but a substantial proportafithem wagositive or very positiven= 20, 33.4
%) or neutralf = 11, 16.7 %), a result compatible with the positive attitude shown by some
people. No difference between the two experimental conditwas detected in the number of
mental images of either valence generated by participsegsTable 2. Figure 1, insteathows
the distribution of answers for each affective valence available in-gw@nb Likert scale in

each experimental condition.

8®An informal definition of what was meant by fAment al

an example.
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Images associated with the 1 in 200 [5 in 1000] probability of having a Down
syndromeaffected child

Category Frequency %
Visage, body, physical detail, photc 15 22.7
Nurturancegcare 6 9.1
Known person 5 7.6
Difficulties, problems 5 7.6
Colour 5 7.6
Positive feeling or attitude 4 6.1
Hospital, choice, doubt 4 6.1
Anxiety, worry 3 4.5
Emargination 3 4.5
Handicap 3 4.5
Sadness 2 3.0
Probable, possible, and contraries 2 3.0
Total 57 86.4
Ambiguous categy/ not classified 9 13.6
Total 66 100.0

Table 2

Number of images for each valence in the two experimental conditions

Ratio Format

Valence 1in 200 5in 1000 Total
Negative 18 15 33
Positive 11 11 22
Neutrum 4 7 11
Total 33 33 66
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16

14

m1in200
m5in 1000

Fig. 1. Distribution of the affective valence attached to the 66 images generated as
function of the experimental condition

A visual inspection of the figure suggests a right shift of the distribution of answers for the 5 in
1000 condition (more positivaverage valence) compared with the distribution of answers for
the 1 in 200 condition (more negative average valence). In order to check this impression, a test
on the equality of the means between the two groups was perfornibd test returned an
equivdent affective reaction toward the 1 in 200 and the 5 in 1000 conditi®43,= .10,p =

.93, M1 in 200 = .12 (SD = 1.39),Ms in 1000= .15 D = 1.20), therefore the visual impression
generated by observing the figure was not confirmed. Thus, the myaisthesis was not
supported by data. Though, the median answer was lower in the 1 in 200 conditierilji.e.,
than in the 5 in 1000 condition (i.e.-@ee Fig. 2. Tis tendency was in the expected direction,
namely a more negative affective valencetfe smakr-numbeed ratiocondition than for the
large-numbeedone.

The content of the mental associations was further examined by investigators for the attributed
valence (positive/negative/neutral). These associations were distinct from the afiiegs r
assigned by respondents to their image. The proportional majority of the images was judged by
the experimenters as negativex 27, 40.9%), with only 13 (19.7%) judged as positive; those
images which could not be classified, i.e., 6 (9.1%), expteaa ambivalent thought, while 20
images (30.3% of the sample) were judged neutral, with no clear connotation. No main
significant differences in the two experimental conditions in the number of images of either

valence were detected.

81 See Rubaltelli, Pasini, Rumiati, Olsen, and Slovic (2010). Obviously, the classic summation model
(Slovic, Layman, Kras, Flynn, Chalmers, and Gesell, 1991) generally used in similar researches was not
appropriate here, as more than one image per person would have been necessary to apply it.
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o0

AffectivEvaluation

1in200 Sin 1000

RatioFormat

Fig. 2. Box plots of the affective evaluation in each experimental condition

Discussion
The present study investigated the hypothesis of a different affective response to the two ratio
formats under examination (i.gil in X6 andfiN in NXd) by means of an implicit measu
Such diverse emotional reaction was supposed to originate in the mental images evoked by
either format, and if found, could be attributed the ability to mediate probability perception.
However, unfortunately results showed that the degree of emotiataice attached to the
mental images elicited by either format did not differ. A possible problem with the methodology
might have been the fact, that differently from the original procedure (e.g., Slovic, Kraus, Flynn,
Chalmers, and Gesell, 1991) only anental image, instead than 3 or more, had been elicited.
Another problem could reside in the way the procedure was translated. Participants were not
asked to read the rati@l(in X0 vs. AN in NX0) alone, but the scenario was always given (i.e.,
probabilty of having a child affected by Down syndrome). In previous studies on images, the

stimuluswas often just a word (e,quclear power) and not a scenario or a phrase.
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SECTION 4, or

Test of two practical interventions

Studies in Section 2 replicated dageneralized the effect observed in Section 1: When the
probability of a medical risk was expressedihsn X0, that probability loomed bigger (and the

risk more alarming) than when it was expressed by the equivalent rahoimnNXo format. As

a consquence of such findings, doctors and health personnel must thus be warned that their
choice of a ratio format in communicating the probability of a healdted outcome (here, the

risk of having a Down syndrorreffected child) does not come without compeences on
patient s6 asses s médhirtXformat mightiefldence mypeoplensgbjetticer a
impressions by increasing their probability perceptions in respect to other formats. Nevertheless,
a question at that point was, Are professionaara of the bias identified in laypeople? To
answer such query, in Study 4.1, a group of medical doctors will be studied who will show not
to be prone to the bias, probably thanks to their higher expertise with the concept of risk and
probabilities. That Wl call for an examination of possible communicative interventions able to
attenuate or even eliminate tiiein X0 effect.

In order to avoid as much as possible-sptimal decision that might originatr instancein

inflated assessments two suckementions will be tested. It seemed natural to turn to classic
interventions aimed at coping with the poor understanding people have batbjitees and
numbers (Garcidretamero and Galesic, 2009; Gigerenzer, 2002; Gigerenzer and Edwards,
2003; Lipkus,Samsa, and Rimer, 200Reters, Lipkus and Diefenback, 20@&ters Vastfjall,

Slovic, Mertz, Mazzocco, and Dickert, 2006). As in the domain of risk communication, it is
common practice to use verbal analogisseBarilli, Savadori, Pighin, Bonalumi, Feri,
Ferrari,et al, in press), or visual aids (i.e., graphical representations), they will both be tested.
Study 1 and 2 will accordinglassesghe resistance of thél in X effecd to these two

interventions
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A special thanks to Natasha for collection ofdata presented in thisusly

Goals
Results of Sections 1 and 2 defined a new bias in the probability perception of ardlatdih
outcome (i.e., the risk of having a Down syndremfiected child) when the probability is
expressed Ypmeans of a numerical ratio. Whére sameprobability wasexpressedn afil in
Xoformat, it loomed bigger (and the risk more alarming) than when iewaessedh afiN in
NXo format. Thus, healteare professionals who routinely communicate probaibilis
information on healthelated outcomes must be warned that a probability phrasédim20®,
for instance sounds bigger to patients than the same probability expregsad a60® or fi50
in 10,00®@. However,it was reasoned thait, could havebeen not exceptional to discover that
practitioners were not aware of the fact patients might interpret differently the two probability
expressions, because either theyavas well influenced by the same tendency, or because they
were themselves dgensitizd to the bias as effect of their expertise (i.e., for them the two ratios

represent the same probability, thus they do not imagine other people could not think the same).

In other words, there were reasdeadingt o t hi nk, t hat mould havei t i oner s

differed from that of their patients.
Indeed, literature has in some situations showed a systematic departure of expert judgment from

that observed in laypeople (i.e., novices to the problBaasos for it have been recognized in

the abilitytoor gani ze fi[ é] cues into | arger O6chunksbo,

more easily, more accurately and more quicklybo

provided they are in the domain of expertise. Some authors (e.g., Adams dahd28@8, p.

78) have been referring even to two different

knowledge of, and usually some responsibility for dealing with, risks in a particular area. They
may not be responsible for creating the risks,dvatcharged both with representing those risks
to others and with influencing their nature
a scientific or professional knowledge in that field; often, though not always, lay people, as
Al é] i & possible that experts in one type of risk will also be consumers of many
ot herso) .

Following Bonini, Del Missier, and Rumiati (2008), one can define experts those people who
can make an evaluation or perform a choice in a quick way that most of tipresemgs the

result of an intuition, of a rapid process based on tacit and implicit knowledge rather than on a
standardized conscious procedure. This definition allows a more exhaustive recognition of

expertsthan each of the separate criteria identifiestead by Shanteau, Weiss, Thomas, and
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Pounds (2003), namely 1) having a relevant number of professional tenure years; or, 2) having
got formal certification qualifying them as such; or, 3) having beeopted by people who are
recognized as experts; of) formulating accurate and stable definitions in their field of
competence. Bonini and <coll eagues cl ai med
constantly (stably) accurate, but also vaflidmelyit should not change as a function of (really

so or peceived) irrelevant information, like (to quote the case of the present studies) the
magnitude of the numbers in a ratio conveying a probability.

In most of cases, the decision ofcadled experts are taken following intuitions (see, for
instance, the fiding that expert clinicians can formulate a diagnosis in less than 15 seconds
Hamm, 1988) rather than examining situations analytically in depth. Use of heuristics by
experts would correspond to the functionality of those shortcuts in complex, andaimcert

situations requiring quick decisions that cannot folfoam systematic and complete rational

anal ysis (see, for i nstance, nur sesd® need of

t

h e

summari zed in Gigerenzer a ngda | ¢ ohl € uveraigsuteiscés 0i d(e@i

2008; Gigerenzer, Todd, and the ABC Group, 1999), according to which cognitive shortcuts
would have an ecological value as in most of the situations they lead to the best solution. In the
genetic field, for example, Dewhurst,cd@arthy Veach, Lampman, Petraitis, Kao, and LeRoy
(2007), showed in two studies on the methods used to solve (four different) genetic problems,
that while even the large majority of genetic undergraduate students made use of heuristics, the
use of mental Irtcuts by genetic counsellors resulted in a greater percentage of correct
answers than in lessxperts (see similar results in Smith and Good, 1984, reporting videotape
analysis of novices and experts solving analogous problems). One of the studies thiaue

explanations resided in expertso6 better wunders

their clinical experience involving computation and interpretation of risk, beside the statistical
education received (even though the number of yeamxperience was not a predictor of
accuracy in that case).

Obviously, it is also possible that such cognitive shortcuts, based on intuition, lead to biased
answers, namely errors. A large body of studies haseshiiat even experts are prone to some

of the systematic and predictable cognitive biases that have been detected in laypeople, for

instance availability and representativeness heuristics, anchoring and adjustment, omission

fallacy, framing effect (f or &orimstance Motterlim f nerro

and Crupi, 2006). Similarly to patients, experts find numbers and probabilities difficult to
understand (e.g., Gigerenzer, 2002), as demonstrated on tests in basic numeracy (Estrada,
Martin-Hryniewicz, Peek, Collins, and Byrd, 2Q®chwartz, Woloshin, and Welch, 1999).

An analysis of experts (e.g., medical doctoyjs6 perceptions of t he

conveyed in ratios using numbers of different magnituadesonly would haveallowed to

gatherfurtherimportant information on tkifundamental subject of the communicative gdait,
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alsoto obtain hints of undoubteaseful value forthe aims of theresent researcidence, the

specific hypothesis for this study was the following,

Hypothesis: Health care professionals differently from laypeople, are not
susceptible to theil in X0 bias in perceived probability.

Method
Participants. Fifty-eight medical doctors recruited in hospital wards of a clinidNorth Italy
accepted to te part in the study for free. Seveithyee percendf them 6 = 41) were males
while 27% € = 15) femalestwo participants did not disclose their gender. Mean age was 45.9
years ED= 8.2) varying from a minimum of 31 to a maximum of 60 (two participants did not
disclose their age). Practitioners hadelifint specialties (see Table 1), and had a mean of 18.36
years of tenure§D= 8.35) ranging from a minimum of 2 to a maximum of 35 years.

Design and material.The study manipulated a single factor in a betwadrjects design,
namely the format of the tia employed to describe the probability of the outcome happening
(i.e., in smaller numbers vs. larger numbers at the numerator and denominator). Participants
read a scenario very similar to that used in Study 1: they were asked-pdasolthat when
corsidering the possibility of buying a trip to Kenya they had received information on the
statistic of a severe disease. In particular, information regarded the statistics on the possibility of
contracting a contagious disease in the coffatfihe probabiliy information was expressed by
means of a numerical ratio in two variants betwsebjects, namely using comparatively
smaller numbers in &l in X0 format (i.e.,1 in 200), or a fiN in NX0 format using larger
numbers at the numerator and denominator, 6.@ 1000).

Participants were asked to rate their subjective perception of the magnitude of the probability
presented in the scenario on-gdint Likertscalea n ¢ h o regtrémety mvod@ndii e x t r e me | y

h i gwith all points verbally labelled.

8 This time the disease at stake was hepatitis A instead than malaria. Alatirithgtion of the risk to a
friend in the scenario was not necessary anymore as no ethical guideline imposed it for the type of
participants involved in the study.
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Table 1
Specialties of Medical Doctors taking part in the study
Specialty Frequency % % correct
General Medicine 2 3.4 3.9
Orthopaedics 10 17.2 19.6
Cardiology 6 10.3 11.8
Neurology 2 3.4 3.9
Otolaryngology 3 5.2 59
Ophthalmology 1 1.7 2.0
Endocrinology 2 3,4 3.9
Geriatrics 2 3,4 3.9
Surgery 9 155 17.6
Gynaecology 4 7.9 6.8
Anaesthesie 4 7.9 6.8
Gastroenterology and Di 2 3.4 3.9
Endoscopy
Rheumatology 2 3.4 3.9
Nephrology/Urology 1 1.7 2.0
Dermatology 1 0.9 1.0
Partial total 51 87.9 100.0
Not specified 7 12.1
Total 58 100.0

Procedure.Participants were randomly assigned to one of the two conditions constructed to
follow the experimental design. They were allowed an unrestricted amount of time to complete
the questionnaire.

The study didnot require an ethical approval because it was not addressed to a special
population (i.e., children, patients, and humans non capable of informed consent). Anonymity

and confidentiality were ensured to participants, though.

Results and Discussion
Contray to findings on general population, doctdmean probability estimations did not differ
significantly in the two considered experimental conditior@anelywhen the ratio format was
either 1 in 200 or 5 in 100M = 4.53,SD = 1.33),Z=-.01, p = .99. Thus, the hypothesis of
equality of the means (same perceived probability irrespective of the format of the ratios)
received confirmation in the data.
The absence of the effect observed in the other stidgsneral populationould be linked to

the factthat health professionals are used to perform operations on the mathematical formats
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they normally read on scientific sources, receive as results of technical tests, and have to
communicate in clinical consultations. Theygimi be used to execute similgperations across

formats, and consequentially be more skilled than the average person in those operations. Thus,

the superficial format conveying a statistical information wowtmatter very much to them,

since as long as they had become exp#rey; might have adopted the habit of standardizing

every numeri cal for mat to the one they fAsense:q
magnitude. Nevertheless, this is only a conjectimeygh very likely,as such ability was not

tested in concomitane wi t h practiti onersé evaluations.
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Study 4.2

Goals
In risk communication to patients, Medical Doctors frequently use metaphors, similes, or
analogies attempting to enhance the otherwise poor comprehension of small probabilities by
laypeople (Edwards, 23). It is generally thought, that analodfeshrough real (even thought
imagired) quantitative sets of evensse conceived as ways to better convey the size of a risk or
the probability of its occurrencas well as to facilitate peog@les in grds@g the meaning of
ot h e r onldd sueeriGal values. For instance, the concept of chance is introduced by experts
as rolling a dice or extracting a lottery ticket; other frequently used analogies are metaphorical
histories othefi b al | s a n d Edwards,2003).nThe lattay is a Yerbal technique where,
in order to facilitate comprehension of the size of a probability, people are encouraged to
imagine its magnitude as similar tite chancehat an individual has of drawing a ball of some
given desird features from an urfull of balls For instance, a 1 in 100 probability of
contracting a disease can be compared with the chance of extracting the only red ball from a
hypothetical jar containing 99 white balls and 1 red ball.

Despite the undoubted gteappealing of analogies as aiding communicative
instruments, we were only aware of one study which tested empiricailtyirifieence onthe
subjective asessment of probabilit§Barilli, Savadori, Pighin, Bonalumi, Ferrari, Ferraet,al,
in press). Irthat study, a significant effect was found on the level of perceived probability when
a balls and jar analogy was employed in risk communicafibos, as it was suggested that
verbal analogies 1) influence the degree of perceived probability of a pheoonaad 2) help
people better figuring out the magnitude of those probabilities, it was thdbghthey could
even influence thél in X0 effect. Indeed, ithanks to the analogy, peopMuld havebetter
understood the numerical ratios proposed, iul@lso havebesn more probablehat they
could attribute two not significantly different evaluationshte same probability when &afil in
Xo orin anfiN in NXo format. The analogy would, as such, work as #idsing technique.

Hence, the hypothesisifthe current study was:

Hypothesis: Wsing a verbal analogy like theballs and jar to communicate the

probability eliminates the il in X0 effect.

8 Analogies are comparisons based on alignment and mapping of the underlying strudiwee of
represented situations (Gentner, Hallgpand Kokinov, 2001, chapt).6

146



Chapter 3

Method
Participants.A total of 81 patients (50 women, 23 men, and 8 people who did not disclose their
gender) of a hospital of North Italy, took part in the experiment voluntarily. The large majority
of them (n = 62) were recruited atanpuat i ent sd (gynaecheslxagthsat ), son
Sterility Centre of the hospital, while four people in a natgmward.
Mean age was 33.57 yr$S = 4.83), varying between a minimum of 24 to a maximum of 47
(one participant did not disclose this information). Of the sample, the 51n48636) had
completed high school, the 32.9%=% 23) had a degree, while 1%7(n = 11) had the lowest
education level in Italy (11 people did not disclose their education |&kthe sample, 40.5%
(n = 30) had already one or more children at the moment of study completion, while the
remaining 59.5%r( = 44) did not have childre(7 people did not answer to this question).
Indeed, the large majority of participants or their couflenan (namely the84.3%,n = 59)
was preghant at the moment of survey completion (eleven people did not disclose this
information.

Design and mateal. Participants read a scenario (see Study 1.1) encouraging them to imagine
that one of their friends had just bought a trip to an exotic country. They were informed of the
statistics on the risk of contracting malaria in that country, a probabilitessg@d through a
verbalized numerical ratio that could &epressedh one out of two formats, namelyfia in X0

format (i.e., 1 in 200) or aN in NXo format (i.e., 5 in 1000). After that, they were asked to
imagine a jar containing a number of balls dqoahe denominator of either ratio (i.e., 200 or
1000); these balls were in two colours. A number of balls equivalent to the numerator of either
ratio (i.e., 1 or 5) was described as in red colour, while the remaining number of balls (i.e., 199
or 995) vas described as in white colour. People were encouraged to equate the probability they
had read in the scenario to the probability of drawing a red ball from the jar.

The only dependent variable assessed in this study was the subjective magnitude of the
pr obability of infection. It was measured by
probability of contracting malaria going to Kenya arseverpoint Likert scale anchored to

Auni mportanto and Aal most certaind whose point :

Procedure.Each participant was randomly assigned to one of the two conditions constructed to
follow the experimental design. Individuals could complete the questionnaire at their pace,
without any time constraints.

Ethical approval. The study requiredn ethical approval because it was addressed to a special
population (i.e., patiestrecruited in a hospital). Alike Study 1.1., under the requirement of the
Clinical Ethical Committee, the questionnaire could not include any sensitive question that

participants might feel unconformable answering. Indeed, the scenario employed in the
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questionnaire should have included, like others described in this dissertation, the Down
syndromediseaseas outcome, but that had to be substituted with another in ordause @

lower degree of anxiety (possibly none) in the already sensitive individuals. For the same
reason, the risk mentioned in the scenario
to the participant hénimself. Anonymity and confidentid@y in the treatment of the data
gathered were still to be ensured to participants.

Results
A test on the equality of means showed that subjective probability perception was still greater
when theprobability was expressed as 1 in 200 % 3.73,SD= 1.30 than as5 in 1000 even
when the scenario included an analogy of the jar and ball ipe $.12,SD = 1.02),t(79) =
2.33;p = .02 see Fig.1In Study 1.1, where the scenario was the same apart from the fact that
visual analogy was not present, the nseaere very similar (i.eM = 3.84;SD= 1.08 forlin
200, andM = 3.10;SD= 1.27 for 5 in 1000), thus the decrease in perceived probability expected
for both formats did not take place. Thiein X0 effect, instead, was still present. Thus, it could
not be affirmed that the hypothesis of this study was verified. The verbal analogy did not seem a
good debiasing technique in helping filein X0 effect disappear.

1in 200 5in 1000

Fig. 1. Mean perceived probability in the two experimental conditions
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Discussion

Verbalanalogies are techniques frequently used in risk communication to patients in the attempt
to enhance the otherwise poor comprehension of small probabilities by laypeople (Edwards,
2003). The only study testing experimentally the efficacy of a verbal @gnaloconveying the
size of a risk or the probability of its occurrence (i.e., Barilli, Savadori, Pighin, Bonalumi,
Ferrari, Ferrarigt al, in press) found that ball-andjar analogy could influence the degree of
perceived risk for the probability oféloutcome happening. The present study originated in the
need to verify the possible debiasing effect of employing a similar analogy when the probability
was expressed through a ratio in eitheL,a i n X@N drn aNlXo f or mat . Such
interesting 6r two reasons: 1) analogies are among the suggested communicative interventions
to ease the patient comprehension of a risk, tiweis study had an ecologic value; and 2) since
it had been showed that the Aj aypereeptdn itwad | 6 ana
reasonable to expect an effect of such technique when the probability was conveyed in ratios of
different formats.

Results of this study showed that fifein X0 effect was resistant to the introduction of
a verbal analogy for the nuarical probability. Indeed, people still showed a tendency to
perceive a probability expressed ifilain X0 format as larger than when expressed irfifdrin
NXof or mat . Contrary to what hypothesi zed, t hus,
usefulmean to make thigl in X0 effect disappear.
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Study 4.3

Goals
Visual displays are frequently employed in communication, and the health domain is not an
exception. Indeed, beside classical visual means of representing probability (e.g., vertical bars,
pie-charts, icon arrays), some researchers have even developed specific graphical aids to help
doctors and health personnel communicating the probability of medical eVi&ats for
instance, the Paling Palette (Paling, 2003).
Graphical displays can help p#e making decisions based on an accurate understanding of risk
information, and they are useful in enhancing comprehemsienof health messages (see, for
instance, Fagerlin, Wang, and Ubel, 2005; Galesic, G&eiamero, and Gigerenzer, 2009;
GarciaRetamero, Galesic, and Gigerenzer, in press; Lloyd and Reyna, @&amh; Garcia
Retamero, Cokely, and Maldonado, in pré&ajng, 2003; Zikmundrisher, Ubel, Smith, Derry,
McClure, Stark, et al., 2008). Indeed, visual aids benefit of the positive featfingsual
information, namely saliency and being relatively easy to understand (Jarvenpaa; Woloshin
Schwartz, Byram, Fischoffand Welch; both cited in Burkell, 2004), thukey improved

peopled degree of comprehension and recal/l

of

Asarged by Okan et al . (p. 16), AVisual ai ds

associated with different medical treatments, screenings, arstyliés (AnckerSenathirajaha,
Kukafka, and Starren, 200&alesic et al., 2009; GareRetamero and Galesi2z010; Lipkus,

2007), and promote consideration of beneficial treatments that have side effects (Waters,
Weinstein, Col ditz, and Emmons, 2007) 0. N o
anecdotal narratives (Fagerlin, Wang, and Ubel, 2005), and,impoetantly for the case of the
present dissertation, reduce biases (see framing effect, (GatEienero and Galesic, in press

or denominator neglect, GardRetamero, Galesic, and Gigerenzer, in press; GReiamero

and Galesic, 2004 and Stone, ®ick, Bull, Yates, Parks, and Rug®03). Even in the case of

t h &in X effect reviewed in the present dissertation, it could have been that the employment
of a visual aid mighhavehelpedreducing (or even eliminating) the bias at stake. Thus, it was
decided to investigate effects of the use of icon asraprobability perceptiaricon arrays are
graphical representations consisting of a number of circles or other icons symbolizing
individuals who are affected by some risk. The choice of that patieidl was done for the
following reasons:

1) As suggested by Hawley, Zikmwkdsher, Ubel, Jancovic, Lucas, and Fagerlin (2008), in

the wake of, among others, Price, Cameron, and Butow (2007), pictographs or icon arrays

8 All these paper had still to be published at the moment of experiment design, data collection, and data
analysis.
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should be preferred by providers ofopability information in shared decision making
environments. Hawleyand colleaguedound, indeed, following an examination of six
different formats of graphical presentation (bar graph, pictograph, modified pictegraph
i s par kpel chagt,do modified gchart icl ock grapho, defadd t abl e)
knowledge and treatment behaviour, that pictographs were the aids most effectively
conveying both types of knowledge (i.the gist andthe verbatimone across numeracy
levels; moreover pictographs wee trusted by participants who felt the nature of the
information they conveyed as scientifi¢zurthermore,FeldmanStewart, Brundage, and
Zotov (2007)suggested, thdaton arrays (i.e.,theoc al | ed fsy 9 &eamangi ¢ ov al
the most easily processetsual aids, after vertical bars, thttsey should be preferred in
communications with patients, especially the low numerate individualhantter ones.
2) Icon arrays had been previously employed in the study of phenomena similar to that
investigatedn the present dissertation, e.g., Rdttias (see Rudski and Volksdorf, 2002; but
also StongSieck, Bull, Yates, Parks, and Ru&i003).
In line with what stated by #icher, Senathirajaha, Kukafka, and Starren (2006, p. 616), i.e., that
fiPartto-whole barcharts and pattio-whole sequentially arranged icon arrays probably invoke
automatic visual area processihgnd proportion judgmentsand can be used to help viewers
attend to the mathematical proportibh: ® 2 it°Was predicted that the visual repeatation
could induce participants to properly consider both numerators and denominators of the ratios,
and hence the usudl in X effecb would not materialize. Thushe specific hypothesis for this

study was the following:

Hypothesis: When a probabilty expressed through one out of two numerical ratios
(A1 in X0 or AN in NXO0) is further illustrated through a visual aid (e.g., a

pictogram), the usualfil in X0 effect disappears.

Method
Participants.A total of a hundred and ninetwo individuals fromthe general population took
part in the experiment voluntarily.
The 65.5% of the sample was constituted by women 126), mean age was 25.87 yISD(=
9.69), varying between a minimum of 18 to a maximum of 69 (one participant did not disclose

his/herage).

Design and material. Questionnaires employed the usual scenario (see e.g., Study 2.4).
Participants read instructions asking them to-pd#&y and imagine themselves as Anna, the
motherto-be described in the scenario asrisk for a child affectethy Down syndrome. The

probability of having a child with that disease was expressed through a numerical ratio either in
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thefl in X0 or in thefiN in NXo format (1 in 10 versus 10 in 100). Moreover, according to the
experimental condition, the probabilitpuld be either stated using the numerical ratio only or
the numerical ratio followed by a graphical representation (i.e., pictogram). In the ratio plus
pictogram conditions, according to the magnitude of the ratio employed, the pictogram depicted
either D or 100 dots symbolizing the denominator of the numerical ratio, with either 1 red dot
or 10 red dots symbolizing the numerator of the rateo, @ffected children), and 9 or 90 white
ones symbolizing healthy childf&n see here below in Fig. 1 the migram for the 1 in 10
condition, while refer to the Appendix for both visual displays employed in the study. Thus,
four different questionnaire versions were build up to follow the 2 x 2 betadgecs

experimental design.

LY

Fig. 1. The pictogram (i.e., icon array) used in the 1 in 10 conditior

Within this context, participants were asked a subjective evaluation of the magnitude of the
stated probability of having a child affected by Down syndrome on gpoiht Likert scale
from fiextremely love to fiextremely higld, with the haklway poi nt | abel |l ed A mode

Procedure.Each participant was randomly assigned to one of the four conditions constructed to
follow the experimental design. Individuals could complete the questionnaiteeia pace,

without any time constraints.

Results
Figure 2 displays the mean values of subjective probability in the four experimental conditions.
As it can be anticipated from the figure, participants in the control condition (without visual aid)
showed the classiéi In X0 effect, but this effect completely disappeared for participants who
were provided with a visual aid, namely an equivalent probability perception was attributed to
the two format conditions.
A 2 x 2 ANOVA on subjective probability terned no significant main effects of the ratio
format,F(1; 188) = 2.67p = .10,dp2= .01, and of the representational fornftl,; 188) = .71p
= .40,dp2= .01, on the peeived probability (and a nesignificant interactioni-(1; 188) = 2.83,
p = .09, d,” = .02). Subsequent contrast analyses confirmed that participants in thel cont
condition provided greater ratings for the 1 in 10 railo< 7.04,SD = 3.08) than for the 10 in
100 ratio M = 5.65,SD =2.56),t(94) = 2.41p = .02 However, participants who were given a

8 The size of the pictogram was 9 x 0.9 cm for the small numair condition, and 9 x 9 cm for the
large number ratio condition.
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visual aid provided remarkably similar ratings for the ILnhratio M = 5.98,SD = 3.08) and
for the 10 in 100 ratioM = 6.00,SD = 2.92),t(94) =- .03, p = .97.Thus, Hypothesis 1 was
confirmedby data
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Fig. 2. Subjective ratings of probability, with and without visual aid,
for the two ratio format conditions

Discussion
A simple visual aid like a pictogram where an instance was represented by a coloured dot made
the il in X0 effect disappear. It is not clear, whether ffie in X0 format yields an
overestimation of the probability, or whether ffild in NX0 yields an underestimation of the
probability. The present study, though, suggested that the first of these propositions is correct.
Participants who were provided with a visual aid gave similar assessments of the 1 in 10 and
fil0 in 10®. It turned out tht these assessments were significantly lower than that provided
about 1 in 10 by participants in the control condition. If one assumes that the assessments given
with a visual aid were better calibrated, then the results of the present study suggestihiat
X ratio leads to overestimate the probability it expresses.

Although further research will be needed to identify the boundary conditions of this
intervention, its effectiveness might be due to the way it transformed probability ratios in
readily dentifiable, visualised natural frequencies (see Cosmides and Tooby, 1996; Gigerenzer,
1999). Also, as suggested by Ancher, Senathirajaha, Kukafka, and Starren (2006), as well as by
GarciaRetamero, Galesic, and Gigerenzer (in prassh arrays were suessful in eliminating
the bias probably becauysalike similar graphs, they madpartto-whole relations visually

153



Empirical gudies

available, thus inducing individuals to properly consider both numerators and denominators of

the probability thatvas depicted. Fuzzfrace heory account t hat Avisual
people represent superordinate classes (e.g., the overall number of patients who did and did not
recei ve a GarciaRatanmam ettal, indress, p. 2), received support in this study.

Finally, pctogrgphs demonstrated particularly useful in another situation not previously
reviewed in the literature, thus broadening their relevaamog usefulnessn medical risk
communication.

As per the case of neglect of the denominator, the recent set of invessgatst cited has

showed that the bias would be lessened when the information becomes easier to process, as
when the probability is visually represented by means of icon arrays. Gai@Emero and

colleagues found support for those accounts of the derbonineglect, like, for instance that of

Reyna (1991)which stresed on the particular difficulty in ratio evaluatiaaused by the need

of integrating information across multiple classes (i.e., the comparison of the nhumber of people

getting a disease tboth those getting and those not getting the disease). Indeed, if usually
individuals would simplify the judgment by focusing on the salient class (i.e., the nhumerator),
insteadwhen probability had been reprwemldmiegd by me
attended] to the relationship between the numerator (i.e., the number of treated and nontreated
patients who are affected) and the denominator (i.e., the entire population at risk; see also

Li pkus, 2 O-Refajnéro, Galesia and @&igerenzer,piress, p. 10information in

squared brackets by the writethus showing a lessened bias.

General short discussion of theection
The question posed the beginning of this sectiowlietherornotthédl i n Xo ef fect wo
resistant to classic canmunicative interventionsdid not show, as expected, an answer that
could be generalised to different types of interventions. Indeed, while a verbal analogy based on
urns and balls did not help participants to overcome the bias;tgpgographical aid nde the
effect disappear. It is not clear whether ftiein X0 format yields to an overestimation of the
probability, or whether théN in NX0 yields an underestimation of the probability. The present
study, though, suggested that the first of these proposiis correct. Participants who were
provided with a visual aid gave similar assessments of the 1 in 10 and 10rati@80t turned
out, that these assessments were significantly lower than that provided about 1 in 10 by
participants in the contraiondition, and broadly similar to that provided about 10 in 100 by
participants in the control condition. If we assume that the assessments given with a visual aid
were better calibrated, then the results of the third experiment suggest thatith¥o ratio
leads to overestimate the probability it expresses. Very interestingly, doctors are not affected by
the bias. Thus the bias seems to be domapendent (as expertise is domain dependent by

definition) and part of atcongitohsaypeopl edbs percept

154



Chapter 4

CHAPTER 4

Conclusions and Generatiscussion
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The present thesis was designed to investigate how the use of superficially different but
mathematically equivalent ratio formats affects the magnitude perception miothebility that
is conveyed. In particular, focus of investigation was the influence that those expressions, when
employed in risk communication of prenatal scr.
perceptions of the chance of having a Downdsgmeaffected child. The issue was, in the
choice of a ratio format to state the probability, would the magnitude of the numbers employed
in the ratio (smaller, e.g., 1 in 10, or larger, e.g., 10 in 100) matter in terms of probability
perception? Answang such question was the main aim of the present work.

Research originated from both a theoretical and a practical question. As it has been
explained (see beginning of Chapter 3), from a theoretical standpoint studying format effects is
one way to validatéheories on how the mind processes information about risk, specifically dual
process approaches postulating the existence of both an analytical and an experiential way for
informationprocessing. From a practical side, instead, format effects have ®oncret
consequences on individual sd judgments and deci
especially in the case they deal with health issues. Hence, results of the investigation could be
used to promote health care.

Close inspection of the litettre onl aypeopl ebés comprehensi on
formats r ev e ddndenty to maké less dhistakessird operations of the kind that
might arise in medical decision making, when handling rates, nafredyiencies of events per
unit of populatbn exposed to the risk (e.g., 12 in 100), rather graportions with a numerator
of 1 and shifting denominators (e.g., 1 in 8) the same timehbugh, evidence was also found
of ahabit diffused among health practitioners to privil@gen Xo formatsto fiy in 100/100@
formats in risk communications with patients. While it was apparent that both types of formats,
namely rates and proportions, are normally employed in medical practice, it appeared less
evident how t hey pobabiliyiasagssmerts. | aypeopl eds

With the aim of ascertaining such issue, a variety of approaches in the risk literature
was examinedthen reviewed in Chapter- 2vhich have specifically tackled thaubjectof
probability perception as a function of its expression throgios using smaller or larger
numbers. Theories point in two diverging directions that can be summarised in a propensity to
either, on the one side, attribute a higher probability judgment to ratios with larger rather than
smaller numbers (i.e., denominaneglect, or Ratidias: 10 in 100 > 1 in 10), or viegersa,
on the other side, to judge probability as higher when expressed by ratios using larger rather
than smaller numbers (i.e., gredffusion effect: 1 in 10 > 10 in 100). However, implications
of both groups of theories could not entirely be transferred to the domain of interest of the
present work, theisk of having a Down syndrorredfectedchild, mainly because of problems

of ecological validity. These problems were also those which promysted test empirically
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the applicability of predictions derived from the reviewed approaches to the specific case under
study, provided that the necessary adjustments to the original experimental designs be made.
Twelve main studies were conducted testrigtal of 1673 individuals, employingo@tween
subjects rather than a withgubjects presentation of superficially different but substantially
equivalent ratio formats contextualised in scenario paradigms; a separate rather than joint
evaluation of thdormats was required to participants, and numerator and denominator of the
ratios were both explicitly stated. Main objectives of the investigation were the following: 1)
ascertaining whether denominator neglect (i.e., Ra@tie) or, on the opposite, nurator
neglect (i.e., grougliffusion effect) would occur when the probability of having a Down
syndromeaffected child was expressed by means of a ratio in single presentation conditions
using (comparatively) smaller or larger numbers; 2) delineating lami@sdof the bias; 3)
testing an explanation for the bias stemming from guatess theories, i.e., the affective
hypothesis; 4) examining potentially corrective communication measures. Analyses focused
mainly on the magnitude of perceived probabilitytteé ratios as assessed on Likert scales by

participants.

Summary of main empirical results

The first section of the chapter dedicated to the empirical investigations illustrated an
irrational tendencyfound in study participants tevaluate the same .0Q%obability of a
clinical condition (malaria, in Study 1.1, while Down syndrome, in Studyds2)igher when
expressed a8l in 200 rather than a5 in 100®. The higher subjective assessment found for
ratios employing (comparatively) smaller rathearthcomparatively) larger numbers svin
line with results of growgiffusion studies (i.e., numerator neglect), hence, at the same time, it
disconfirmed the applicability of an explanation in terms of Rbi&s (or denominator
neglect) to the case examd. Nevertheless, as the grediffusion effect explanation had been
validated with very different scenarios (see, for instance, bacteria, or carcinogen scenarios), it
could well have been that such rationale for the effect did not hold in the condiioial\at
The degree of worry for the condition showed the same trend of perceived probability, but
since the former was showed to depend on the latter, it was decided that in the next studies the
focus be mainly on perceived probability for the condition.

In the second section of the chapter, boundaries of the identified bias were delineated.
Along studies, it was observed that laypeople perceived the probability of having a Down
syndromeaffected child as higher when it was expressed, respectively:

- as 1n 200 than both as 5 in 1000, and as 50 in 10,000, whie tastwo formats did

not evoke different probability assessme@dy 2.1;
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- in formats using 1 at the numerator and a shifting denominatorf{l.en, X0) rather
than in formats using 1000 #te denominator and a shifting numerator (if&,in
100@)- Study 2.2;
- as 1lin 12 rather than as 10 in 120, i.e. in hundizeld denominators (i.giY in 1000)-
Study 2.3;
- aslin 25ratherthan 0.4in 10, and as 1 in 25 rather than 10-i825§ 26.
Altogether, these evidences seemed to point to some specific features of the ratio format using 1
at the numerator in respectfi in NXo formats. The tendency to judge a probability as higher
when expressed infd in Xoformat rather than in a gemefiN in NXo format could be dubbed
the Al in X effea. However, as it has been observed in the summary of Section 2, it was
deemed necessary to exclude, that the higher probability perception folihéhiko formats
reflected a more general focus ore thenominator of the ratio. Thus, it was showed, that
comparison of average probability perceptions of two equivalent ratios, none appearing in
formats featuring directly &1 in X0, but with denominators of different magnitude, did not
differ significantly.
Then, a short explorative study (i.e., 2.5) was carried out with the aim of potentially
isolating one of those facets that were supposed to distinguidhi time X0 format from the
others, i.e., the degree to which they prompted individuals to operatbemmatical
transformation on their superficial appearance. A discrepancy between the two types of formats
was found in the fact, that while the majority of participants declared to be used to trafidform
in NXo0 formats, the majority also declared notht® used to that when dealingwithl i n X0
expressions. Such idiosyncrasy of filein X0 format received additional confirmation in the
following study, i.e. 2.6, which compared evaluation of the probability elicited by that ratio
when in the usual Dowrysndr ome ri sk scenari o with other
formats. Results showed, that the presence ofithim X0 format in the paired comparisons
between different ratios was ttemndicio sine qua norior the occurrence of the bias in
perceivedorobability.

Having established the effect, in the subsequent section of the chapter (i.e., the third
one), we dealt with an affective explanation for the bias under study (see, e.g., Slovic and
Peters, 2006) stemming from literature on euaicess appaches, namely thattiiél i n XoO
format evokes a different degree of emotional response thafiNaimyNXo0 format. Neither an
explicit (i.e., selfireport, see Study 3.1) nor an implicit (i.e., elicitation of mental images, see
Study 3.2) measure of the enaoial answers prompted could support the affective hypothesis
of those theorists. Data of the second of these studies, furthermore, evidenced a tendency
opposite to that documented in Slovic, Monahan, and MacGregor (2000, see Chapter 2,
paragraph 1.2.3.1hamelyt he t heory of t he #Aimaginabil ity

hand then, confirmation of twaystem views of risks received direct support in the study (i.e.,
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2.1) which showed a strong relation between appearance of the bias and a maintaipe
way of reasoning, on the other hand, in this third section tHeadxplanation elaborated by
Slovic and colleagues to account for Rdiias did not show success. However, some
methodological problems could have played a role in the absentiee aletection of any

difference at all between ratio formats in the emotional answer elicited.

An explanation for the fil in X effectd

You may say, i tBlust owmheati n fa |hbum drheac
Van Steenkiste, Van der Weijden, Timmmns, Vaes, Stoffs, and Gro[2004,bold font added)

It is our impression, instead, that overall results could rather reflect the idea tfiat the
in X0 format conveys more identifiable information than any other format. Indeed, the very fact

that people did not transforthefil in Xof or mat mi ght mean that it i s
to produce a judgment or to take a decision (imter o f Asat i sf i).cOnenngto , Si mo
tested hypothesis then, i B1 intXh farimat asetispbecme d o s o me
they can easily nlsxase over X ltasésl is mossible in faat, that the

presence of the number 1 at the numerator of a ratio expressing the probability of an event in

single presentation conditions, as in the cases here anadbgseanes a highly salient feature at

the eyes of individuals, given | aypeopl ebs di ff
evaluating its numerical expression in isolation. As such, that facet would receive special
attention and it would indictly work as a warning sign for the persdenoting the possibility

of being that A106 individual experiencing the
|t is apparent, that the effect emont odgadt ed iins
(e.q.,Kirkpatrick and Epstein, 1992)

In light of these considerations, it could be reasonable to attend, that those participants to this
thesis experiments who were assigned a @Al in X
future son/daughtdadentified with that single instance at the numerator than those participants

who were assigned 4N in NXo format condition. That identification, in turn, could have
resulted i n an i ncrease of t he Nfexperiential
Afexperiential o has to be intended adasSloviche fexpe
Peters, Litchenstein, and McGregor, 2004). The augmented affective reaction, in turn, could

have induced a higher perception of the probability, comparte tconditions where a 1 in the

numerator was not present (i.@\ in NXo conditions).

This causal relation between affective reaction and augmented perception of the probability has

been explained by some scholars in slightly differing versions of wdmttlien come to be

159



Conclusions and Generabkdussion

known as the Aidentifiable victim effecto (Kogl
Schelling, 1968; Small and Loewenstein, 2003).

According to this effect, people would react in a different way to identifiable rather than to

statistical victims, an idea originally introduced by Schelling (1968). He noticed, that while the

deat h of a particul ar individual invokes nf .
responsibility and religion, most of this awesomeness disappears véheleal with statistic

deat ho. I n his view, the explanation of this p
emotional responses stimulated by identifiable rather than statistical victims. Small and
Loewenstein (2003) demonstratetthat such differat reaction to identifiable rather than

statistical victims depends on the stronger affective reactions provoked by the identfigbie

(notavictim, butthev i ¢t i m) . In fact, this identifiabilit.y
perspective,amel y fAi magining how that person perceive
as a result (Davi s, 1994, Bat son, Kl ei n, Hi ghb
p . 158) . I ndeed, the adoption oé inthbgercaiverher s p
feeling of empathy (sympathetic, moved, compassionate, tender, warm, softhearted, etc.) and
also feelings of distress for that other perso
Ritov, 2005, p. 1585. In the last resort, hencarouse of empathic emotions is deemed as the

cause of the higher judgment of probability for the single identifiable vi€tlnmn(Xo format, in

the present case) than for the statistical ofifé {n NXO0 format) i see the schematic

representation me bebw.

filin X0 prob

fiOh!ltcoul d be

|

Higher empathy
(experienial sensation)

Higher perceived probability

Figul.L.The Al in X effectd in perceived prol
function of increased empathy with the i

% Two rather different examples of empathy aroused by single identifiable victims and not by statistical
victims are exemplified in the following two quotations, 1) Nobel laureate Allzent®&syorgi (quoted in

Featherstonehaugh, SIlovic, Johnson, and Friedrich,

man suffering and would risk my life for him. Then | talk impersonally about the possible pulverization

of our big cities, witeek hundred million dead. I am unable to mul
million.o and 2) Anne0oOv)l aftli (medtedTher &l avecl, 19

China. To get deel for what thismeans simply take yourselfin all your singularity, importance,
complexity,andloveand mul ti ply by 1, 1985,000. See? Nothing t
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Deahene and Mel her (1992)6s affirmations (sumn
hypothesis of a higher identifialdifi of the information conveyed by th& in X0 format,
provided that one spouses the view considering
existence even among numbersf points of reference (see, Rosch, 1975; but also Milikovski

and Elshout, 199 1995) as correctly characterising how the mind encodes numerical
magnitude¥. Deahene and Melher found, that those numimeds used for precise denotation

of numerosity and to express those reference numbers suited for use in estimates (in particular,

1, 10, 12, 15, 20, 50, and 100), are more frequently used than the others in several different
languages. Thus, we can think of these humiversls as representing more available, and then

more | ikely evoked, exampl es Ioparticalar,raghom mome r os i t
only observed a decrease of frequency in the use of numdrds with the increase in

numerical magnitude (with local increase for the above mentioned reference numerals), but also,

they highlighted, that number one is the mésiguent in absolute of all numbesords

employed by people. Thus, it is our suggestion, that it could well be the case, that when people
evaluate a ratio using ads numerator, such number implicitly evokes the highest number of

mental instancé® compaed to (almost) all other possible numeratorgidfin NXo formats.

This unconscious availability of more mental examples (similarly, to some extents, to
Kahneman and Tverskyos availability heuri stic
fi s ens ar termsnadd, for instance, Slovik et er s, Litchenstein, and
experiential feeling and hence prompts individual to express the higher judgment of
probability, as observed in the data.

BN

Other explanationsforthei 1 i n X ef fect o
On another vei, the bias might be the results of another factor as well, as we do not
think a systematic tendency originates from only one factor, but there could be different co
occurring factors causing it. The erroneous attributiodiféérent probability assessmés to
superficially different but substantially equivalent formats could arise in those individuals
motivated to process the information. Indeed, much of the studies pointed to a motivational
explanation of the bias, in other words it segtiat only thee individuals that truly processed
the numerical information (because they were familiar with it, because they were capable of,

because they had children or were parémtse, for any other motivational reason) were subject

8 There is no universal agreement on that explanation, as Peters, Slovic, Vastfjalll, and Mertz (2008, p.

620) have clearl y exprathenmtica formiladidns di theupeetision @ mgnwlt i ng m
numberline[MNL] r epr esent ati ons exi st (Dehaene & Changeux,
Nevertheless, authors also observed (ibid.), that broadly speaking the two competing views on the MNL

fi [ Jémake similar behavioral predictions in number comparison studies and (we believe) in decision
making. o

8Our deduction, however, 4deadinihgrenti nti pmedhefdECES
is more coherent with Deahane afié@ | h e dirgs, in that both addressed integer numbers.
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to the bias. Therefore, it shlol be thought that there is a sort of processing threshold which
needs to be exceeded in order for the bias to emerge. This threshold, anyway, needs effort to be
overcome, as some of the literature on numerical processing seems to indicate (for implicatio
in decision making, see Peters, Slovic, Vastfjall, and Mertz, 2008). Indeed, despite it is clear
since time (see, e.gdehaene, 1996}hat in the presence of numeric information nonverbal
representations of numerosity (i.e., intuitive representatainhe mental number line) are
spontaneously activated regardless of format (e.g., dots, Arabic number, number word),
fiNumber intuitions, however, are limited in their representational power and do not directly
support concept of fractions, probabilitias, even the precise numbers important to many
deci slkPeters st@l. 2008, p. 6193iven the particularly difficult nature of ratio concepts,
thus, it might have well been the case that only those individuals motivated to process the ratio
information (for many reasons, as seen) could overcome the necessary threshold to make the
(biased) representation of the ratio possible, i.e. to somehow sense the numerical expression.
The last affirmation could be tested in future studies manipulating, for instaheemotivation
to elaborate the information by means of monetary reward (i.e., comparing the performance of
individuals in a condition where they received payment with that of participants in a condition
where they did not receive payment); or by meansdifierent levels of incentives to
participants in such a way that only some participants would be motivated to process
information, hence would exceed the processing threshold. Also, since the issue of how the
concepts of ratios and fractional numbers r@@esented in our mind has only very recently
started to receive attention from researchers (see, for instance, Beahboi, Umilta, and
Zorzi, 2007), it is possible that while plugging that dramatic gap existent in the literature more
precious indicaons will become available for researchers in judgment and decision making.
Another result in the thesis was coherent with this threshold motivation hypothesis,
although it should be replicategiven that several problems occurred in the assessmenrg of th
REI scale from which it followsThe result is, that thél in X0 bias was associated with a
prevalence of the experiential thinking style, though mainly with adeperiential instead than
high-experiential decision style. Indeed, results on lowly eepéals, exactly because of their
moderate degree of experentiality in making evaluations and taking decisions, denoted that they
probably elaborated at least to some extent the ratio on which they were asked a magnitude
assessment. On the contrary, teswn highly experientials leaded to think that these
individuals, who normally process information in an intuitive way, did not reach the-aliesle
threshold, in that they did not really process the numbers; in other words they seemed to base
their evduations on some gross clues in the ratitke the presence of greaized

denominators.

162



Chapter 4

A convergence of the two factors?

The two factors could also converge: Tiiein X0 format conveys a more identifiable
meaning than other formats (like tAld in NX0) for the individual which, hence, is more likely
to process it, thus leading to higher judgments of probability.
Results of a recent study (i.e., Timmermans and Oudhoff, in press, personal communication)
render this interpretation credible as authemild highlight the importance of the advantage
that smaller denominators have over larger ones in ratios, in that the former are easier to
visualize than the latt&r (see, on this regard, the literature on the mental representation of
integer numbers,lbeomi ng fuzzier as numbers get bigger i
Landauer, 1967). According to Timmermans and Oudhoff, since risk needs to be concrete (i.e.
to refer to concrete events or people)f one wants to easchlgpati ent 6s
meaning, smaller denominataase advantageus compared ttarger ones. Not different is the
takehome message of another very recent publication (i.e., GRet@mero and Galesic, in
pressb), in that authors urged health practitioners to avomtessing probability in ratios using
large denominators because the latter especially favour more biased interpretations (like
denominator neglect); while, instead, they suggest to use ratios employing smaller, more
plausible denominators.
Further studieshould then address the easiness to process the ratio information in isolation
when in smaller and larger numbers trough standard two task paradigms, namely making use of

cognitive load, for instance, or inducing participants in conditions of time peassur

Implications for practice

It is apparentthat present findings have a particular relevance for doctors and health
personnel in charge of risk communication. These experts should be warned, in light of these
results, that their choice of a ratio forimather than another to express the probability of a
healthrelated outcome (here, having a Down syndraffected child) does not come without
consequences on patientsd assessments. I n | ine
that medical docirs were not to prone to the bias, probably exactly because of their expertise in
the field of application, and/or because tlaeg individuals more used to perform operations on
mathemdtal formats, as their profession requires on a daily basis. The agpeetise that
seems to prevent them from the bias could however be the one responsible of making them
insensitive to issues of formats effects in risk communication. Therefore, the decision to test

communicative interventions able to attenuate or evamnrglte thefil in X0 effect.

8 Obviously, authors must start from thesumption (empirically proven, or only theoretical, it is not
known) that individuals mainly focus on denominators in the ratios to draw some clues for intuitively
asessing their magnitude.
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Results of Study 4.2 showed that the bias persisted when adding the balls and jar verbal
analogy to the numerical risk presentation, a technique that is common practice in risk
communication and that consists in encouragingpfeeto build a visual representation of the
probability. Instead, the bias disappeared when individuals were showed a visual depiction of
the probability by means of a pictogram where an instance was represented by a dot (Study 4.3).
Effectivenesf thelatter interventiommightreside in the fact, thaton arraysas suggested by
Ancher, Senathirajaha, Kukafka, and Starren (2006), as well as by Getéanero, Galesic,
and Gigerenze(in press)in the wake ofFuzzyTrace theory(see e.g., Reyna and Binerd,

19%)- alike similar visual aids make parto-whole relations visually available. Thus, they
would induce individuals to consider both numerator and denominator of the ratio. Despite the
need of more evidences, the basis of these results it dag tentatively argued, that providing

icon arrays in addition to numerical information would be an effective method of preventing

difficulties in understanding health relevant risk communications.

Limitations

The most evident concern for the studiesudel in this thesis is the fact, that the bias
is not a systematic tendency, as small changes in superficial details could easily attenuate or
remove the effect; in other words, the disclosed tendency is rather weak. Anyway, we think that
this is intrinsicin a bias of that type, in that, indeed, it is based on simple changes in the
magnitude of numbers, namely a facet that can be reached by definition in an unlimited number
of even minuscule modifications. This is not a justification of course; howedeestestify the
difficulty of implementing a conclusive research in this area. In an effort to give a little
contribution with no claim of being complete, we decided to follow some avenues, thus
obviously leaving other ones unexplored. For instancepuidc have been useful to study
whether the bias is present with higher probability values that those examined, like 30%, 50%,
70 %, 90% (in the wake of, f or -b).nThatveonldhleye Paci ni
allowed to define whether the tendgnis for some reasons unique to low and very low
probabilities like the ones tested in this research work (i.e., 10%, 1%, or lower), or instead
extends to other probability magnitudes. Hence, it goes without saying, that there is still a vivid
need for futher investigation that can explore, describe, and account for the bias studied.

A second concern for the studies included in this thesthas only one methodology
was used, namelguestionnaires or papandpencil task® focused mainly on one depemt
measure, i.e., perceived probability. While it is surely true that the number of studies performed
and that of the individuals tested made results obtained from that methodology appear very

strong, it is also true that crossed verification by meardifighent methodological paradigms

% Two of these studiesndeed, wereollectedon the Web, but the tgpof task required was the same of
real papeandpencil tasksi(e., answering to a set of questipns
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could as well have strengthened the validity of findings. For instance, as already affirmed, using
time-pressure paradigms could have helped, as well as the employment -tshokyreg
techniquesto detect which isthetous of pati ent 6s attenti on.
dependent variablesor instance Willingness to Pay or Willingness To Ristuld have offered
interesting hints on the trend of the biblevertheless, it has to be argued that, for the specifi
aims of the present investigation, analyses of judgment on the level of probability of occurrence
of the event appeared as the most appropriate, also in line with literature on decision making,
and on risk in particular.

Another concern for the studiesciuded in this thesis regarded the type of sample
adopted.Indeed, while it is true that participants of possibly different ages ancgaicnal
sectors were recruitedhevetheless it has to be recognized, thay still were convenience
samples. It aabe said, however, that 1) since practically all adult individuals in the population
until a certain age (different foren and women) are possible prospective parents, and since no
main individual differences related to demographics have been fouad, littaffirmed that the
present findings are not misleading of the
patients in the specific condition at stake (i.e., parenbse, or individuals that have just
become mother/father, hence namely thwhe have to evaluate/ have just evaluated screening
test results on the risk of having a Down syndraffected child) have been tested in two
studies.

As a final consideration, future research could aim to enhance the validity of findings of
the presentvork. It has to be noticed that, apart from one study (i.e., th¢ fitsth addressed
the perception of probability referred to contracting malaria, all others studies analyzed the risk
of having a Down syndromaffected child, and as such the instrumand the materials used
focused on that medical domain. Hence, it is not clear a) whethéil the X effecb occus
mainly for the dhical condition analyzed.g., theDown-syndrome risk), and b) if the bias can
influence risky decision making competenin other important domains. For what regards the
first point, one can ask, in other words, whetherfthen X effecb always occus when the
probability is referred to medical conditions other than the risk of haviDgven syndrome
affected child Are there diseaseshatfor some intrinsic features, lead individuals to judge in a
way that disconfirms thél in X effect? Thus, another avenue for future research would be to
replicate the finding of this thesis on other medical domains.

Not only, as fo what concerns the second point, it would be extremely interesting to investigate
even noAmedical outcomes, both negative and positive -ooles promising avenue is, for sure,

the field of marketing/advertising/promotion, that of protective measuresdimse/life saving,

but maybe also that of investments. In such a way, boundaries of the bias would be further

delineated and the way in which individuals evaluate ratio dtsmvould be further disclosed.
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Experimental rmaterial empoyed in the gidies

SECTION 1.

Study 1.1

Legga lo scenario e risponda alle domande:

Immagini che un suo amico abbia comprato una vacanza per il Kenya. Lei ha appena letto
che in Kenya il rischio di contrarre la malaria & di 1 su[#09:1000{".

1) Secondo lei, se il suo amico va in Kenlgaprobabilita che contragga la malaria é:

. —  —  —  Q— A A A
assolutamente molto bassa bassa media alta molto alta  prossima alla
trascurabile certeza

2) Secondo lei la malaria & una malattia:

Gravissima molto grave abbastanza grave poco grave per nulla grave

3) Se lei andasse in Kenya, quanto la preoccuperebbe la possibilita di contrarre la
malaria?

 —  —  — ) — A A A
per niente  molto poco poco mediamente abbastanza molto moltissimo

Legga e risponda alle seguenti domande:

5) Immagini di lanciare 1000 volte un dado con sei facce non truccato. Facendo 1000 lanci,
quant volte ritieni che il dado potrebbe dare come esito un numero pari (2, 4, 6)?
| (500 su 1000)

6) Nella BIG BUCKS LOTTERY, le probabilita di vincere un premio di $10 sono pari
all 61%. Secondo te quante per sooencemparmtum eb ber o
singolo biglietto della lotteria a testa? | (10|persone su 1000)

7) Nel |l 6ACME PUBLI SHI NG SWEEPSTAKES |l a probal
par.i a 1 su 1000. Qual e percentual e di biglie
vinceuna macchina? | [(061)

8) Quale dei seguenti numeri rappresenta la probabilita piu alta?

A 1 su 100
A 1 su 1000
A 1su 10
(1 su 10)

°n all studiesthe expression/s employed in experimérandition/s alternative to that written in black
font appears/appear in light blue font and enclosemétangular brackets; also, correct answers (when
existent) to questions are in italics and enclosed in round brackets.
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9) Quale dei seguenti numeri rappresenta la probabilita piu alta?

A 1%

A 10%

A 5%

(10%)

10) Il rischio della personaAld contrarre una mal attia nei pro

quello della persona B ¢ il doppio di quello della persona A; qual € il rischio della persona B
di contrarre una malattia? | (2

11) Il rischio della persona A di contrarre una atiz nei prossimi 10 anni € pari a 1 su 100,
e quello della persona B ¢ il doppio di quello della persona A; qual ¢ il rischio della persona
B di contrarre una malattia? | | su | (2 su|100)

12) Se la probabilita di contrarre una magaét pari al 10%, quante persone in un campione
di 100 ci si deve aspettare che contrarranno la malattia? | (10) |

13) Se la probabilita di contrarre una malattia € pari al 10%, quante persone in un campione
di 1000 ci si deve aspettare che camgnno la malattia? | (190)

14) La probabilita di contrarre una malattia & pari a 20 su 100; cio dovrebbe essere uguale ad
attendersi una probabilita pari al | | % di contrarre la ma@jia.

15) La probabi |l iegiohe vidale & Q@0&. tSu Hrmileepersoned quanfe di
esse ci si deve aspettare chepersopedtrarranno | 0
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Study 1.2

Legga il seguente scenario, provando ad immedesimarsi in uno dei due protagonisti
(cioé Anna, se Lei € una dama, oppure Luca, se Lei & un uomo):

Anna e Luca sono una coppia che aspetta un bambino.

| due si recano insieme alla prima visita medica di controllo. Il ginecologo
conferma | o stato di gravidanza di Anna
Anna, la bro probabilita di avere un figlio affetto dalla sindrome di Down e
approssimativamente di 1 su 2G0su 1000]

Ora risponda alla seguente domanda:

Se fosse nei panni di Anna (oppure di Luca, se Lei &€ un uomo) riterrebbe la probabilita di 1
su 2005 su 1000 di avere un figlio affetto dalla sindrome di Down

C C C C ® ® ®
Estrema Molto Bassa Moderata Alta Molto Estrema
mente bassa alta mente
bassa alta

(on the following page)

Secondo Lei, la sindrome di Down € una malattia genetica

C ¢ ¢ ¢ ¢ ¢
Per Un pc Abbast Molto Graviss Non so
nulla grave anza grave ima
grave grave

(on the following page)

Quale tra queste affermazioni La rappresenta meglio? (indichi una sola risposta)

C Non ho mai sentito parlare della sindrom@&dwn

C Ho sentito parlare/letto della sindrome di Down, ma non ho mai visto
direttamente persone affette da tale malattia

C Ho visto direttamente persone affette da sindrome di Down, ma non ho mai
interagito con loro

C Ho interagito con persone affetta sindrome di Down, ma solo saltuariamente

C Ho interagito spesso con persone affette da sindrome di Down
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SECTION 2.

Study 2.1

Legga il seguente scenario, provando ad immedesimarsi in uno dei due protagonisti
(cioé Anna, se Lei € una donna, oppure L&g se Lei € un uomo):

Anna e Luca sono una coppia che aspetta un bambino.

| due si recano insieme alla prima visita medica di controllo. Il ginecologo
conferma | o stato di gravidanza di Anna
Anna, la loro probabili& di avere un figlio affetto dalla sindrome di Dowwliél

su 2005 su 1000, 50su10000]

Ora risponda alla seguente domanda:

Se fosse nei panni di Anna (oppure di Luca, se Lei € un uomo) riterrebbe la probabilita di 1
su 2005 su 1000, 50 su 1004 di avere un figlio affetto dalla sindrome di Down:

C G G G G G G
Estrema Molto Bassa Moderata Alta Molto Estrema
mente bassa alta mente
bassa alta
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(on the following page)

Per ognuna delle affermazioni sulla sinistra, indichi, per cdesia, in che misura La
descrive segnando una crocetta nella casella corrispondente.
Cerco di evitare le situazioni in cui & necessario riflettere a fondo
Non sono molto bravo a risolvere problemi complicati
Mi piace basarmi sulle mie impressioni iniugt
Mi piacciono le sfide intellettuali
Non possiedo un gran intuito
Nel ri solvere | problemi della mia vit
Non sono molto bravo a risolvere probl
Credo che sia iportante fidarsi delle proprie intuizioni

Usare | 6intuito pu, essere molto utile
Non mi piace dovere riflettere molto
Spesso mi baso sulle mie intuizioni ne

Mi piace risolvere problemi che ricldeno di pensare molto

Mi fido delle mie prime impressioni sulle persone

Pensare non ¢ il mio ideale di attivita piacevole

Non sono una persona che riflette in modo molto razionale

Quando si tratta di fidarsi delle persone, posso di solito basarmingsiglleensazioni
istintive

Se dovessi basarmi sui miei sentimenti istintivi, commetterei spesso degli errori
Ragionare con attenzione sulle cose non & uno dei miei punti forti

Preferisco i problemi complessi a quelli semplici

Non mi piacciono le situagini nel | e quali devo basarn
Non ragiono bene quando sono sotto pressione

Riflettere a fondo e a lungo su un problema mi da poca soddisfazione

Penso che ci siano delle situazioni nelle quali bisognerebbe fidarsi del proprio istinto
Sono mdto piu bravo a risolvere un problema in modo logico rispetto alla maggior
parte delle persone

Penso che sia sciocco prendere decisioni importanti sulla base delle impressioni

Ho una mente logica

Non penso sia una buona idea affidarsi alle proprieziumii per prendere decisioni
importanti

Mi piace pensare in termini astratti

Generalmente non faccio affidamento sulle mie sensazioni per aiutarmi a prendere u
decisione

Difficilmente mi sbaglio quando ascolto i miei sentimenti istintivi pitu profopeli
trovare una risposta

Non ho problemi a ponderare le cose con attenzione

Non vorrei dipendere da nessuno che si descriva come una persona intuitiva

Nel risolvere i problemi della mia vita di solito mi trovo bene ad usare la logica

Per me e sufficiel® conoscere la risposta ad un problema senza dovere capire
ragionamento che ci sta dietro

Probabilmente i miei giudizi istantanei non sono buoni quanto quelli della maggior
della gente

Tendo ad usare il mio cuore come guida per le mie azioni

Di solito le mie decisioni hanno ragioni chiare e comprensibili

Di solito riesco a percepire se una persona ha ragione o ha torto, anche se non
spiegare come lo avverto

Sarebbe interessante per me imparare nuovi modi di pensare

Sospetto che le mie wzioni siano inesatte tanto spesso quanto esatte

The 40items of the REI scale used in #tedy translated into Italian and readapted from those of
Paciniand Epstei{1999-b)- here in order 1.
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