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Figure 4 » |
Calculation of the ROC plots with Hypothetical Data |
For each of 20 hypothetical cut-off point, a pair of hit and false alarm probabilities was obtained

from the relative frequency of likelihood ratings above the cut-off. For example, if the¢ cut-off
was 30% and 40% of the trials that resulted in tornados had a rating above the cut-off|the hit
probability would be .4. If 20% of the no tornado trials had a rating above the cut-off the
probability of a false alarm would be .2 . There were 20 possible pairs of hit and false|alarm
probabilities. These pairs were plotted to form the ROC curve. THe orange point was located on
the curve based on the mean probabilities calculated from particigants’ actual decisions.
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Calculated Subjective Criterion

The mean calculated subjective criterion was estimated uging each participant’s

likelihood ratings and frequency of choosing the safe option ig/

was based on the assumption that participants c;'nose the safe optif

" qecm(,w

likelihood was higher than their subjective criterion and, asme:

./& oun m, o,

18

ighiliey. For each participant, the

cumulative proportion of likelihood ratings falling between X% ¢

such that the proportion of trials in between matched the proporti
participant chose the safe option. This point was called the calcul]

because if the participant always chose the safe option when theis

pn of trials on which the
ated subjective criteyion

likelihood rating was above

hance and 100% was calculated

this point, the proportion of trials with a likelihood rating higher fhan that would be the same as

the observed proportion of trials in which they chose the safe optjon. For example, if

=

participant chose the safe o‘ptio:%on 50% of the trials, a number

as located on their [likelihood

rating distribution such that on 50% of the trials had a likelihood rating higher than this number

(See Figure 5). This number, say 40% likelihood rating, was reg
subjective criterion for this participant. With this method, a calcu

obtained for each participant, and a mean was calculated for each

ded as the calculated

experiment.

ated subjective criterion was
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14%
12% Calculated Criterion
40%
10%
& The participant c’ho:Le the safe option 50% of the trials
$ gu 0.50 is the area under the distribution on the right
g side of the red line.
g
g 6%
2
4%
2%
0%
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Likelihcod Ratings
Figure 5 »
Example of Calculation of Subjective Criterion ~ _.--—" [

"[he blue area is the hkehhood raimg dlstnbutlon ofa hypothetlcal part1c1pan A calcnlated
‘ eoption on 50% of the
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In Figure 6, the calculated criterion is shown for tornado xperiments 1 and 2. A

independent t-test revealed that the mean calculated criterion in fornado experiment | (M

& 31.0%, SD = 18.6%) was significantly lower than in tornado experiment 2 (M = 41.2%, SD =

13.8%) with a difference of -10.2% (t(148.6) = 4.07, p < 001). - .
v
n ',,‘ In addition, the mean calculated criterion in each-tornado|experiment was cornpared to
n
( the respective economically rational criterion in two one-sample ft-tests. In tornado experiment 1,

the calculated criterion was significantly higher than the economically rational criterion of 9%

with a difference of 22% (1(82) = 10.77, p < .001). In tornado experiment 2, the calculated

criterion was significantly higher than the economically rational ¢riterion of 27% with a

difference of 14.2% (t(84) = 9.81, p < .001). The calculated critetion was higher than|the o J

economically rational criterion in both experiments, suggesting a|biased subjective ci iterion, &gl

more so in the experiment with the lower economically rational driterion.

Likelihood Ratings
Cyll s IV Y/ yb ub— v >

objective probabilities. The mean likelihood raimg in each experiment was compared to the

/\
proportion of trials in which a tornado occurred in that. experiment (equivalent to the mean

Figure 7 shows the likelihood ratings for tornado expené:a/m?f 1 and 2 as a function of

objective probability) with two one-sample t-tests. In tornado experiment 1, the mean likelihood
rating (M = 33.7%, SD = 10.0%) was significantly higher than the proportion of tornado trials of
23.5% with a difference of 10.2% (1(82) = 9.33, p <.001). In totrlado experiment 2, the mean
likelihood rating (M = 42.7%, SD = 7.5%) was 4.5% higher than the proportion of tofnado trials
of 38.2% (t(84) = 5.48, p <.001). Therefore, the mean likelihood ratings were higher fthan the

proportion of tornado trials in both experiments. In addition, Figure 7 plotting mean Ijkelihood

N&w( b ¢o w(_./ﬂc, /“‘W




rating by each objective probability, shows that the overestimatian was observed at most.

objective probability

100% 1 -
90%
80% |-
70%
60%

50%

levels except for the extreme high end.

40% | -
Experi

Calculated Criterion

30%
20%

10%

0%

i

Experiment 2/
.
ment 1

Figure 6

Calculated Subjective Criterion in the Two Tornado Experiments
The y axis represents the calculated criterion while the x axis represents the economigally
rational criterion. Diagonal line represents when the calculated cx a‘L

economically rational criterion. The dashed line represents 50%.

Economically Rational Criterion

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

iterion is the same

the

21
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% 40%
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0% —Identity
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Objective Probability
Fiue? ) O R

Likelihood Ratings as a Function of Objective Probabilities in T
The y axis represents the likelihood ratings while the x axis repre
The blue line represents the likelihood ratings of tornado experi
represents the likelihood ratings of tornado experiment 2.

nado Experiment 1land 2
ents the objective probabilities.
ent 1. The orange line
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Receiver Operating Characteristic Plots

The ROC analysis had two aims: 1

1 .
wen, 2) Examining whether the sensitivity (participant

method of

5 ability to

predict the tornado as revealed by their binary decisions) was different between expetiments. 4

The ROC plots were composed of two parts: 1) Receiver Operating Characteristic cutves created

from participants’ likelihood ratings and actual tornado occurrence; 2) Points on the plots

representing the outcomes of participants’ binary decisions (safe pption/risky option;

4 for a hypothetical ROC plot with both the curve (blue) and the point (orange)). For

approach see Harvey et al. (2012)

The ROC curves were created by estimating hit and false alarm rates based or

See Figure

ia similar

1 the

likelihood rating distribution, the actual tornado occurrence, and 4 varying hypothetidal cut-off

at 5% intervals from 0% to 100% on the distribution, using a met
McGoey (1980). At each point, a hit was defined as a trial with a
off and a tornado occurred. The hit probability was the relative fr
that cut-off. A false alarm was a trial with a likelihood rating aboy
tornado did not occur. The false alarm probability was the relativg
above the cut-off, By varying the cut-off at 5% steps from 0% to

distribution, a pair of hit and the false alarm probabilities at each

(See Figure 8 for an example). The 20 pairs were plotted as the R

Figure 4).

hod similar to Ferrel

e the hypothetical ¢
z frequency of no to
100% on the likelihg

step (20 in total) wa

OC curve (the blue ¢

&

likelihood rating abpve the cut-

equency of tornado frials above

ut-off and a
mado trials
)od rating

s calculated

surve in
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20 Hypothetical Cut-off: 30%
{8%%¢ —Tornado Trial
=—No Tornadp Trial
16%
14% 40% of tornado trials had a likelihood rating abpve 30%

§

20% of no tornado trials had’la {kelihood rating labove 30%

/

Relative Frequency
g

8%
6%
4%
2% _—’\_
0%
2.5 7.5 12.517.522.527.532.537.542.547.552.557.562.567.572.577.582.587.592.597.5
Likelithood Ratings
Figure 8

Example of Hit and False Alarm Probability Calculation with Hypothetical Data
The hypothetical cut-off is placed at 30%. Using this cut-off, 40% of tornado trials (hits) had a
likelihood rating above 30%. The hit probability is therefore 40%. 20% of no tornada| trials (false
alarms) had a likelihood rating above 30%. The false alarm probability is therefore 20%.

A




Next, a point representing the mean proportion of hits and false alarms of participants’’

actual binary decisions was added to the ROC plot (the orange dot in Figure 4). For this point, a

hit was when the participant chose the safe option and the tornadp occurred. A false glarm was

when the participant chose the safe option and no tornado occurred.

The first goal of the ROC analysis was to test the random|

calculating the subjective critetion.

2. In both experiments, the ROC curve and the 95% CI of the degisi

indicates that the d cision point was consistent with the ROC curve.

Ty acls MIM.su o

percent area under the ROC curve was measured. The greater the

likelihood model meethod of

»do), the mean

area under the curvi a) the greater

the sensitivity. An independent t-test revealed that the mean percent area under the RQC curve

was significantly lower in tornado experiment 1 (M = 64.0%, SD
experiment 2 (M = 78.1%, SD = 6.8%) with a difference of -14.1

This indicates a worse sensitivity in experiment 1 than experimen

t2.

% (4(165.86) = 13.4

= 6.8%) than in tornado

|, p <.001).
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Figure 10 ‘

ROC Plot for Tornado Experiment 1(top) and 2 (bottom)

The y axis represents the probability of hits. The x axis represents

2%

 the probability of false alarms.

The orange dot indicates the proportion of hits and false alarms for each experiment based binary

decisions.

Discussion
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The reanalysis of the tornado experiments indicates that participants’ subjective criterion
was higher than the economically rational criterion {n both experiments, indicating a risk-seeking
tendency. This is consistent with the loss frame leading to risk-segking behavior. In addition, the
subjective criterion was closer to 50% than the economically rational criterion in both
experiments. This result is also consistent with the centering effect. Because the tornddo
experiments did not have a gain frame condition nor a condition where the economically rational
criterion was higher than 50%, it is not possible to distinguish between these two explanations.
Hence in the new experiments reported in the next section, these tonditions were added to

distinguish the centering effect and the gain-loss framing effect.

r fhe reanalysis presented abm:i ;:gests that the risk seeking tendengy observed
in these two ’experimcnts was not due to biased subjective likelihpod. The mean likelihood rating
analysis showed that the likelihood was significantly over rather than under estimated in both
experiments. Subjective likelihood ratings were also not consistent with a centering effect as
there were similar amounts of overestimation across all objective probability levels except for
90%, which was less, The higher-than-rational subjective criterion counteracted the
overestimated likelihood ratings and led to risk-seeking decisions|instead. Unfortunat cly, as the
trial composition (e.g., proportion of trials with a tornado) in the two experiments was different
the mean likelihood ratings were not comparable with each other,

The difference in trial composition also prevented us from making a direct compatison in

terms of mean sensitivity. This is because the two experiments differed in the proportion of

extreme probability trials (10%, 90%) in which it was easier to predict a tomado. Therefore,

« " although s sens1t1v1ty differed b between @ it was not possible to determine whether this
A

S/ oy 1l yg;?/A AV/?Z /’4 /’/%
‘Lml Ae f\fw,h...




difference stemmed from the change of the economically rational
experiments or the difference in trial composition.

In addil

examining and cgmparing the relative frequencybf choosing the

criterion between tl

123; Qin et al., 2024

s of decision bias. H

rence in relative freg

the 95% CI of the bi]
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ne two

on, the difference in trial structure of the two experiments prevented yis from
safe option. This analysis was
line decision bias (Morss et al.,

z & Joslyn, 2020; Klockow-

). It could

owever, the

jvity, in addition to the decision

juency of

jables differed. In the new

s held constant among

decision point overlapped with the ROC curve. This indicates that the proportion of hits and false

alarms of participants’ actual binary decisions was consistent with the ROC curve based on

likelihood ratings and actual tornado occurrence. This in turn suggests that the subjective:

criterion and subjective likelihood (likelihood ratings) were the sole determinants of the

decisions, validating the random likelihood model approach to calculating the subjective

criterion.

Overall, the reanalyses indicated a bias in the subjective ctiterion that overcanje the bias

in subjective likelihood and led to risk-seeking decisions in the two tornado experiments. It left

the door open to a possible centering effect and a gain-loss framin

o




Experiment 1

29

The two experiments reported here employed a drought preparation task basetl on

Demnitz & Joslyn (2020), using both a gain and a loss frame?. The goal was to distinguish a bias

in subjective criterion from a bias in subjective likelihood and/or|a difference in sensjtivity.

Experiment 1 focused on the centering effect on subjective criterion by manipulating|the

economically rational criterion. The idea was th tthe shift of the|subjective c;‘i”teriion towards

0('5/!:7».0((-1 ‘ o

S el

50% due to centering can be e¥eerved by varying the economically rational criterion below and

above 50%. Experiment 1 used a drought task in a loss frame.

criterion was manipulated to be higher, the same as, or lower

likelihood or sensitivity.

Method

Participants

was expected to affect only the subjective criterion and SM‘* nat

Atotal of 160 participants from the US were recruited from Prolific Academig in January

2024, a crowdsourcing platform for online research. After an eli
participants were used in the analysis, Three were eliminated for
check (see the procedure section below). Each participant was pa

performance based monetary bonus. The mean age was 40 (SD =

ination process, 157
failing the comprehénsion
d $4 for participation plus a

13.91, range 20 to 80 years).

2 Two pilot experiments, not reported here, examined the gain-loss framing e:fect. One ylelded a .sign‘lﬁcant effect

and the other yielded a trend in the expected direction but failed to reach sig

ificance due to low power.




35

probabilities were reliable (M = 36.5%), the mean objective probability and the propgrtion of

drought trials were considered the same (36%) in the analyses.

In terms of dependent variables, participants reported like
binary decisions on each trial. At the end of the experiment, parti
comprehension check question, reported their self-reported criter]
the task (no difference in the difficulty between conditions report
encountered.

Results ¢

et

s the mean subject
y v

towards 50%. This meang that in the 25erc condition, the subjecti;
1)

H Lig

75%. In the 50erc condition, the subjective criteriodf would be cld
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effect in likelj
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The same set of depend : Rt measurgs s®the reanalyses v

measure the decision bias, the calcu jied criterion was analyzed.
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centering effect was present, grticipants would Shoose the safe o
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Decision Bias - Calculated Subjective Criterion

a subjective criterion shifted figm 25% to 50%) in

rational decisions. They would also\choose the sgfe option more pften (consistent wit

subjective criterion shifted from 75% t
would be comparatively risk-neutral (cons
S0erc condition. Likelihood ratings wezf analyged to detect any H

Finally, to measure the sensitivity, t

sensitivity tested whether it was p

50%)in the 75erc condition than they should

he ROC curve was a

criterion near 50%})
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25erc condition than the econgmically
ha

in the

ias in subjective likelihood.

nalysis of

Ksible to rule out the 1anipulation of economically rational

criterion affecting it

omnibus ANOVAs. Tukey method was used for post hoc pairwis¢ comparisons under

ANOVAs.

f

operationalizations of the subjegfive crit

detection theory. The relatiy€ frequency of chowging the safe opti

examine the decision h f e model and

ion of the random likelihood model and sig;

the theory.

series of AN O"VAé and t-tests were condueted. Holm-Bonfez'r(Lnif Method

“was used or planned and post hoc t-tests as well as planned pairwise comparisons under

omnibus

—_— |

bn was an alternative way to

In Figure 22, the calculated criterion is shown as blue dotd for 25erc, 50erc, and 75erc

conditions. The mean calculated criterion was 35.0% (SD = 13.3%) in the 25erc cond

tion,

examined
ive criterion and the relative
ion|was another
nal



48.4% (SD = 15.9%) in the 50erc condition, and 58.1% (SD = 1§

Vgony 2
m the economlcally rational criterion mampulatlon (2

K4 ﬁ' 'y —
_endent varia, A ol the calculated subjective criterion shews
Fpemipeimtion (F(2,154) = 32.53, p <.001). Two planned pairwise
The 50erc condition had a significantly higher calculatgd

a difference of 13.4% (1(154) = 4.54, p < .0

, corrected alpha =

Serc, 50erc, and 75¢
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.3%) in the 75erc condition. A&

1C) asthe

comparisons were ¢onducted.

025).

a significantly higher calculaied-esitesion than the-S0erc-conditiol

(t(154) = 3.30, p = .0Q1, corrected alpha = .05). Inhummary, the

A
Whad a main effect on the calculated criterion.

ioh-than the 25erc condition with

¢ 75¢rc condition had

‘with a difference o

nipdefe -

economically ratio:

9.7%

! criterion

In addition, three planned one-sample t-tests compared the calculated criteriofh in each

condition with the respective economically rational criterion. In t]

calculated criterion was significantly higher than 25% with a diffi

<.001{ corrected alpha =.017). 1

calculated criterion and 50% was not significant(t(46) = 1.40, p =

the calculated criterion was significantly lower than 75% with a d

8.06, p <.001 {gorrected alpha = .025). TDis result was consistent

the S0erc condition, the differe

he 25erc condition, the

erence of 10% (t(53)
nce of 1.6% betwee

.17). In the 75erc cf

difference of -11.9%

with the centering ¢

=547,p
n the
pndition,
(t(53)=

ffect such

that the calculated criterion shifted towards 50% from the econonhically rational critefion.
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Figure 22
Calculated and Self-Reported Subjective Criterion in the Three Cpnditions of Experir
In the 25% economically rational criterion condition, the calculated criterion was sign
higher than 25%. In the 50% economically rational criterion condition, the calculated
was not significantly different from 50%. In the 75% economically rational criterion ¢
the calculated criterion was significantly lower than 75%.
The self-reported criterion shared a similar pattern to the calculated criterion.

'|Calculated Criterion

Self-Reported Criterion

T |

nent 1

ificantly
criterion
rondition,
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Figure 23

Relative Frequency of Choosing the Safe Option in the Three Conditions of Experimen

The red line in the 25% economically rational criterion condition

frequency of 10%. The red box in the 50% economically rational
relative frequency between 20% to 32%. These lines are the relati
would get if they always chose the safe option when the objective
economically rational criterion in their respective conditions.

-

39

shows the relative frequency of
48%. The red line in the 75% econommally rational criterion condmon shows the reldtive

ve ﬁequency the p.
probability was abg

1

we the
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MX’ the pattern of self-reported criterion was consistent with that of the calculated

criterion (Figure 23). Self-reported criterion was pulled towards 50% to a greater ext¢nt than the

calculated criterion in the 25erc condition.

also showed lower relative frequesiey-thametHomically raniona

ative trequency of choosing the saft

[ TISK~-

, NO ditierence from economically rational (risk-neutral) in the 50erc condition,
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Figure 24 shows the likelihood ratings as a function of obj
Cu" tr OV gl AN TP

Likelihood Ratmgs

conditions. AThe mean likelihood rating was 37.1% (SD = 7.0%) i
(SD = 11.9%) in the 50erc condition, and 37.8% (SD = 7.1%) in the 75erc condition.
with the economically rational criterion manipulation (25erc, 50e

likelihood ratings showed no significant differences among the conditions (F(2,154) =

verc conditio

ntal- matenaF ottt St Ot m—

(Figure 23

ective probabilities

rc, and 75erc) on the

h

s result

in the three

1 the 25erc condition, 39.3%

An ANOVA

mean

0.81,p

= .45). In addition, three post hoc one-sample t-tests compared the mean likelihood rating in each

condition with the proportion of drought trials of 36%. In the 25¢;
1.1% between the mean likelihood rating and the proportion of dr
(t(53) = 1.16, p = .25). In the 50erc condition the difference of 4.3

36% was also not significant (t(48) = 1.94, p = .06, corrected alph

condition from the difference of 1.8% between the mean rating

pught trials was not

rc condition, the difference of

significant

% between the mean rating and
a = .017). In the 75drc

rid 36% was not significant

(t(53) = 1.88, p = .07, corrected alpha = .025). This suggests that the likelihood of drought

ratings was close to the proportion of drought trials (relative freq

affected by the manipulation of economically rational criterion. In

ency of drought) and not

| addition, as seen in Figure 24,
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the three conditions had similar likelihood rating patterns. Likeliood ratings were slightly

overestimated at all objective probability levels except for 35%.

Sensitivity

The next analysis examined the sensitivity or participants] ability to predict the drought,

as measured by the area under the ROC curve. In Figure 25, ROC

50erc, and 75erc conditions f, e

' plots are shown fot

the 25erc,

ofypThe ROC curves of the three conditions were similar,

indicating that all conditions had sirhilar sensitivity or the ability to predict drought based on

provided drought forecasts. The mean percent area under ROC cyrve was 71.2% (SD

the 25erc condition, 70.3% (SD = 5.5%) in,the S'Owccmdition, and 70.6% (SD = 5.4

A L & Ll
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75erc condition.

and 75erc) as

wé S

A

that the economically rational criterion manipulation had no effect on the sensitivity.
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ith the economically rational criterion manipulation (2

i,
L0
s

=35.0%) in
%) in the

Serc, 50erc,

iable on the mean percent area under curve reveatedsthetthe

 not significant (F(2,154) = .043, p = .65). Thig suggests
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Figure 24 - —

Likelihood Ratings in the 25%, 50%, and 75% Economically Ratjonal Criterion Conditions as a
Function of Objective Probability in Experiment 1
The blue line represents the 25 economically rational criterion condition. The orange line

represents the 50 economically rational criterion condition. The purple line represents the 75
economically rational criterion condition. There was no observed|centering effect.
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Figure 25

ROC Plot for the 25% Economically Rational Criterion Condition in Experiment 1
The blue curve is ROC curves created from likelihood ratings. The orange dot is created from

binary decisions. The percent area under curve was 71.2% for the|25erc condition, 70/4% for the
S50erc condition, and 70.6% for the 75erc condition.




Wil ,Zw Vi ,paed
ions: 1) Parl:lmpants would shift their subjective
towards 50%; 2) The likelihood ratings and sensitivity wese-net-expecteise be affects

1, The results showed the calculated criterion shifted towards 50% in the
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criterion
d bugsis

DSerc and

(Ao wrh o

7T5erc condition, while there was little shift in the 50erc condition, This result-supponis-the

centering effect on the subjective criterion. In addition, the self-réported criterion
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e Prercromdition™HrireTIST 0! the relative frequiency analysis, tOpCHher With the
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Wext.assxpected, the manipulation of economically ratiopal criterion d1d not
likelihood ratings or the sensitivity. This suggests that changing the economically rati
criterion itself does not affect people’s perception of the probabili
predict the drought,

The results also yielded additional findings. In the ROC plots (Figure 25), the
decisions (the decision dot indicating proportion of hits and false

respective ROC curves, providing support for the calculation met]

nod of the calculated

affect the

bnal

ty of drought or their ability to

binary

alarm) were consistent with the

criterion.
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Finally, as seen in Figure 24, there was a slight overestimation but no observed centeting effect

in likelihood ratmgs as indicated by comparing them to the objective probability levels.

)-"? 24 o ety
, experiment f yielded support for centenn ‘?fec it

the subjective criterion and

in turn binary decisions, consistent with the sme cnterlon pothesis. Likelihoqd ratings

mically rational cri-terio%
. np

Experimentz) examineg the gain-loss framing effect in addition to the centering effect
b A
with a larger sample size than experiment 1. F-hadtuo.goaletyEransinethe-prin=tossTaming

effect: 2) X whether there is an interaction hetwesn-the en i (W : aning errect ang-me
; quM “
cemeTimz-effeet. Experiment 2 used the same task as ex eriment wathrboth the econpmically
L lial/ ) ,q' A
rational criterion and gain-loss framing mpaigiated. Th; econontically rational critetion used
cpedl) o

the 5 w the 25er% but not the 75erc condition. The reason for|excluding the 75erc condition
was te-nrasimise-the number.of particinants in eack vggb life severe weather events
usually require people to take protective action at a low probabili‘ y which corresponds to a low
economically rational criterion. Therefore, the 75erc condition wds not as realistic as the 50erc or

the 25erc conditions and therefore the most disposable among the three. It was hence excluded to

maximize participants into other conditions.

Method

Participants




Design
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Experiment 1 used a 2 x 2 x 6 mixed design. There were two between-group independent

variables: Economically rational criterion with two levels: 25erc,|and 50erc and gaindloss

framing with two levels: Gain frame and loss frame. There was one within-group independent

variable: objective probability of a drought with levels: 20%, 35%, 50%, 65% and 80%. The

proportion of drought was 36% across 50 trials, same as experiment 1. Like in experij

the objective probabilities (shown to participants) were reliable (]

ment 1, as

1 =36.5%), the mean objective

probability and the proportion of drought trials were considered the same (36%) in the analyses.

In terms of d.epénde‘nt, variables, as with experiment 1, participants made likel
ratings using a VAS and binary crop decisions on each trial. At

participants answered a comprehension check question, reported their criterion, diffic

understanding the task, and any glitches they encountered as with experiment 1. Unlike

thood

e end of the experiment,

ulty of

experiment 1 where no difference in the difficulty between conditions was reported, an ANOVA

with gain-loss framing (gain frame, loss frame) and economically rational criterion (2
50erc) manipulations as the independent variables, on the difficulty ratings revealed t]
participants in experiment 2 reported the loss frame condition (M|= 14.2, SD =224, 1
100) to be slightly more difficult to understand than the gain frame condition (M = 10

16.6, F(1, 554) = 4.94, p = .027).

Results

Analysis Quasvion""" e !7""/“(' CWZ“'M@‘NW

Serc,
hat
ange 0 to

5,8D =

Based on results-frormexpeTiment] and fng prospect theory, the-prediotion-was
= yHtle

g there should be both a centering effect and a gain-loss framin effect on the subje

ctive




criterion. As with experiment 1, the centering effect should shift the subjective criteris
25erc condition towards 50% while having no effect on the subjegtive criterion in the

condition. Based on the utility function of prospect theory (Tversky & Kahneman, 19

50

bn in the
S0erc

79), the

gain-loss framing effect should lead to a higher subjective criterign in the loss conditipn than in

the gain condition. Moreover, no interaction between these two effects was expected as their

mechanisms should be theoretically independent. Finally, the manipulation of economically

rational criterion and gain-loss framing were not expected to affe¢t likelihood ratings

sensitivity.

The same set of dependeht measures were y

experiment 1. To measure decision Njas, the

and post hoc t-tests.

Decision Bias - Calculated Subjective Criterion.
The first set of analyses examined the degree to which pa
towards the safe option throug%ca;oulated criterion. In Figure 26

shown for the four conditions. The calgulated criterion in the loss

(g prh

ed as were uged in reanalyses and

dculated criterion was analyzed with its

ings\yere analyzed to detect any bias in subjective

OC curve was analj

_p‘wp

or

nency of choosing the safe

yzed., A

-Bonferroni Method was used for planned

ticipants biased their decisions

the calculated criterion is
(ved b )
frame condition wap higher

than in the gain frame condluon It was higher than the economicilly rational criterion in the

74\

25erc condition and lower than the economically rational criterion in the 50erc condition. A




m There was a main effect of the gain-loss frammg et

frame (M = 40.6%, SD = 15.9%) theealenlatadeuritorionmens 2.7% higher than in the

of1
(M =37.9%, SD = 16.9%; F(l, 554) 438, p= 037) There was a main effect of the|

economically rational cntenonmmch-ﬂmt the calculg
condition (M = 43.7%, SD = 16.7%) * 9.2% higher than in the

ted criterion in the
25erc condition (M
8D = 15.0%; F(1, 554) = 46.76, p < .001). There was no significant interaction betwe

loss framing and the economically rational criterion manipulation (F(1, 554) = 1.03, g

vy,
mically rationa} in

ma;om

betterundewstend the deviation from econo:

VY Uulan

condition, four planned one-sample t-tests compared the calculated criterion with the

economically rational criterion in each condition (25ere-ges

gain frame

= 34.5%,

en the gain-

= 31).

¢ L
ch

Mmmm;) In the 25erc gain frame condition, the calculated criterion (M =

32.5%, SD = 1,5:.4%) was significantly higher than the economically rational criterion

with a difference of 7.5% (t(140) = 5.76, p < .00 Eorrected alpha = .017). 1) the 25¢]

frame condition, the calculated criterion (M = 36.6%, SD = ’14.’3%) was significantly

25% with a difference of 11.6% (t(129) = 9.27, p < .00{, correcte;

gain frame condition, the calculated criterion (M = 43.0%, SD = 1¢

than the economically rational criterion of 50% with a difference

<.,001, ¢orrected alpha = 025) n the 50erc loss frame condition,)

44.4%, SD = 16.5%) was ;also significantly lower than 50% with a difference of -5.6%

137, p < .001f corrected alpha = .0

of 25%
'c.loss

higher than

m—
] alpha = 09 In the 50erc
6.8%) was significantly lower
pf -7.0% (t(148) = 510, p

the calculated criterion (M =

b (1(137) =
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Figure26 ‘ ’ .
Calculated :and Self-Repo Subj ective Criterion in the Four Conditions of Experimient 2

h¥ calculated criterion was 7.
2>%. In the 25erc loss frame c
was 11.6% hlgher than 25% In e 50erc gam ﬁ'ame condltlon, :»
lower than the economlcally »

% higher than the
ndition, the calcula
calculated criterio

1c loss frame conditii
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ed criterion'
n was 7.0%
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0.60 _ B} _

0.50
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Relative Frequency of Choosing the Safe

0.20 .
0.10 ;
0.00 B
Gain 25erc  loss25erc  Gain5Qerc  Loss 50erc
Figure 28 ' : : L

Relative Frequency of Choosing the Safe Option in the Four Congitions of Experiment 2

The red line in the 25% economically rational criterion condition|shows the relative equency of
48%. The red box in the 50% economically rational criterion condition shows the relative
frequency between 20% to 32%. These lines are the relative freq!]:ency the participants would get
if they always chose the safe option when the objective probability was above the ecanomically
rational criterion in their respective conditions.

c/




o . .,
.‘*’/ ~———) In summary, both manipulations affected the calcul fed ctiterion but-they-did-roThieract

0

—t c/«./u,/x wit\ %
:L.e M ealeyleln cnlemsy

0s b
Cgasmeing higher than the economically rational criterion, the caldulated criterion in th
N

condition was unexpectedly SM lower than the economigally rational criterion.

ﬁ IWLL

e 50erc

Eiaadly, like in experiment 1, the pattern of self-reported griterion was consistent with that

of the calculated _cﬂt‘e'rion- erteder

greater extent than the calculs

awﬁslsﬁee supplemental maten%M
Likelihood Ratings

Figure 29 shows the likelihood ratings as a function of objective probabilities

in the four

conditions, The likelihood rating patterns were similar among the conditions. AmrANOVAwith

. A . 3 Y - ’ L
N o310sl0 AL LGRSO 6N atICI ] T U THANTPUHIAUIOT

. » pegpusilcd : 4 g Ty OV i1

s the independentay teettiood-ratimgs-wassondusied. The 0.1%
Cvlﬂ-lv sve— ¥ a/u- pw o

ey

h difference

the mean likelihood ratings in the gani e condition (M = 39 9%, SD 10.0%) and

bel & oA o olll
in the loss frame condition (M = 40.0%, SD = 10 3%) was not significant (F(l 554) =

=.68). T

the mean likelihood ratings in the 25ere conditiop (M =

o AL o 2% AL

40.1%, SD =9.2%) and in the 50erc condition (M = 39.8%, SD = 10. 9%)/\was not sighificant

(F(1, 554) = 0.23, P = .64). There was no significant interaction between the gain-loss framing

and the economically rational criterion (F(1, 554) = 0.36, P = .55)

..... -3a cithe "'ulation.

114 4/ & /Fve

’ /W;?,.
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Figure 29 o R

Likelihood Ratings in the Four Conditions as a Function of Objective Probability in F

2

The green solid line represents the 25erc gain frame condition. The green dashed line
the 50erc gain condition. The red solid line represents the 25erc 19ss frame condition.

dashed line represents the 50erc loss condition. There was no obs

o~ FL_ man- 4""’@&)*,

-edMeﬁ'ec
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xperiment
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The red
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In addition, four post hoc one-sample t-tests cornpared the mean likelihood rafing in each
mes in

condition to the proportion of drought trials of 36%. A significant deviation suggests a bias in
likelihood ratings. In the 25erc gain frame condition, the mean likelihood rating (M = 40.5%, SD

=9.8%) was significantly higher than the proportion of drought trials with a differende of 4.5%

b, SAME as eXp_erun'%Z t 1.

Sensitivity
The next analysis examined the sensitivi%arﬁcipants’ ability to predict the d_rough>

as measured by the area under the ROC curve. In Flgure 30, ROQ plots are shown for|the four y

conditions Wy The ROC curves of the four conditions were similar, indicating thatguﬁh

conditions had similar sensitivity~est

fapmais. All but SOerc gain frame conditions had the 95% CI of binary decisions oveflapping
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with the ROC curves. The mean percent Area under ROC curve was 70.0% (SD = 8.1 %) in the
25erc gain frame condition, 71.1% (SD = 5.2%) in the 25erc loss|condition, 69.8% (SD = 7.6%)

in the 50erc gain condition, and 69.6% (SD = 6.9%) in the 50erc [oss condition. ATFNGNstemith

. _ he
economically rational criterion manipulations (F(1, 554) = 1.93, p =.17). There also Was agiaer

interaction (F(1, 554) = 0.94, p = .33). This suggests that the sensitivity did not differamong the
conditions and was not affected by the manipulation of gain-loss framing and economically

rational criterion.
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Figure 30
ROC Plot for the Four Conditions in Experiment 2

The blue curve is ROC curves created from likelihood ratings. The orange dot is creat
binary decisions. The percent area under curve was 70.0% in the
71.1% in the 25erc loss frame condition, 69.8% in the 50erc gain

50erc loss condition.
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Discussion
Experiment 2 tested the predictiqn that both thef *anip’uliion of the economically

rational criterion and gain-loss framing shoul affegf the subjectiyve criterion. These two

manipulations should not interact in the subjecj¥¢ criterion as the gain-loss framing ¢ffect and
the centering effect were considered theoreffcally inNependent. I addition, the manipulation of
gain-loss framing and economically ratjénal criterion should not affect subjective lik¢lihood or

lfe..ucn/‘/

There was evidence for a centering effect in the subjective criterion expesed by the

sensitivity.

| ceeenormnically rational critéfion nanipulation, similar to the findings of experiment 1.The
caleulated subjective criterion were higher than 25% in the 25erc|condition suggesting
movement toward the center (50%). The difference between the dalcylated subjective|criterion
and the economically rational criterion was higher in the 25erc condition than in the S0erc
condition. 'Ii&:;y,‘the calculated criterion in the 50erc condjtion was slightly but

significantly lower than 50%, a result not seen in experimentgpwhere the calculated criterion did

not differ from 50% in the SOerc condition. This difference was not seen in the self-reported

criterion which held an overall snmlar attem to the galculated criterion. Oan)'o-s"Bl ¢
‘F‘*\S) .H,,,$ vl,iv' ua 1 0&7.4 Jal mu

of the economically rational criterion did not affect likelihood ratings or sensitivity. ¢
The wit sbo eonb_d| 2 4‘,"‘*‘0 ﬁ'ff

the gain frame condition. The participants in the loss frame condition also chose the safe option

less often than those in the gain frame condition, showing a risk steking decision bias| Zkktivese




In addition, as the likelihood ratings ar

affected by manipulating the framing, it can be inferred that the g

by altering the subjective criterion. Finally, it should be noted

condition reported this experiment to be slightly more difficult than participants in the

Conteid

condition. Therefore, the difficulty level might have dheore, if for some

participants became more risk-seeking with increased difficulty.

ing in a TO%
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d the sensitivity were not
ain-loss framing effect operates

t participants in the loss

gain

reason,

Next, as expecteq, the interaction between the gain-loss framing and the econgmically

rational criterion manipulations failed to regeh significance in thel analyses on the cal¢ulated

criterion. This implies that thase two syffjective criterion measurements’ shift due to the gain-loss

framing was not affected by centepthg. The relative frequency of ¢hoosing the safe option

analysis found that partici Were slightly risk-averse in both the gain frame and tHe loss

frame in the 50erc condityfn, but thy were, as predicted, only risk-averse in the gain frame

while risk-seeking infhe loss frame if\the 25erc condition. This implies some interaction

between the two planipulations might sti{l exist.

rio velafte /
In terms of affeat sizes of the two -eﬁ‘ects% gain-loss framing ef#fct shifted the

calculated criterion by 4.2% in the 25erc condition e

the calculated criterion 9.5% averag,

fpame) above 25% in

N

all. The centering efffect shifted
"

the 25erc

condition. Therefore, it-wmpetxtizpat 25% economically rational criterion, the centering effect

had a larger effect on the subjective criterion than the gain-loss framing effect.

The results also yielded additional findings. First, as with the previous experiments, the

likelihood ratings were not affected by manipulating either gain-loss framing or econgmically

rational criterion. However, they were overestimated compared to|the proportion of dr ought trials




61

(practically the same as the mean objective probabilities). The overestimation but no centering

effect was observed in likelihood ratings as a function of objective probability levels as seen in

Figure 29. This is also consistent with experiment 1.

w.in the ROC plots, the binary decisions fsommarired-:

were consistent with the respective ROC curve

ence), suggesting that the subjective criterion and the subjectivellikelihood

were the sole determinant of the binary decisions, in all conditions except for the 50efc gain

frame condition. However, in the 50erc gain frame condition alorle, which was not tested in

previous experiments, the binary decisions were below the ROC ¢urve, indicating a worse

sensitivity in the binary decisions than in the likelihood ratings. This is the only inconsistency in

binary decisions observed across all three experiments. It is unknpwn whether this ing¢onsistency

was a statistical false negative or whether there were some unann effects on participants’

behavior in this condition. £vn L M .

Overall, experiment 2 yi

centering effect on subjective criterion and in turn the decisions, d

% both the gain-loss framing effect and the

bise
onsistent with the: s ~

criterion hypothesis. The centering effect appeared to have a largér effect on the subjective

criterion than the gain-loss framing effect when the economically

rational criterion was at 25%.

e b

likelihood ratings and sensitivities were not affected by the manipulation of gain-loss fframing or

economically rational criterion.

General Discussion

Summary of Results




