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Numeracy is individuals’ capacity to understand and process basic probability and 

numerical information required to make decisions. We conducted a Replication 

Registered Report of Peters et al. (2006) examining numeracy as a predictor of 

positive-negative framing effect (Study 1), frequency-percentage effect (Study 2), ratio 

effect (Study 3), and bets effect (Study 4). With an online US American Amazon 

Mechanical Turk sample (N = 860), our replication using the target’s dichotomizing of the 

numeracy measure found support for the original findings regarding interactions between 

numeracy and three decision-making effects. Numeracy was associated with weaker 

framing effect (η2p = 0.01, 90% CI [0.00, 0.02]), weaker ratio bias (Cramer’s V = 0.17, 95% 

CI [0.10, 0.24]), and stronger bets effect (η2p = 0.02, 90% CI [0.01, 0.04]), yet we found no 

support for the frequency-percentage effect (η2p = 0.00, 90% CI [0.00, 0.01]). However, we 

found support for associations with all four studies when treating numeracy as a 

continuous variable. We extended the replication to examine confidence, yet the results 

were mixed with support found for only three conditions (Study 1 positive framing 

condition: r = -0.11, 95% CI [-0.20, -0.02]; Study 3: r = 0.15, 95% CI [0.08, 0.21]; Study 4 

no-loss bet condition: r = 0.10, 95% CI [0.01, 0.20]), suggesting a much weaker and more 

complex relationship than anticipated. Materials, data, and code are available on: 

https://osf.io/4hjck/. 

Numeracy  

Decisions involving numbers, math, and statistics are 

common, and people rely heavily on their ability to accu-

rately interpret, think about, and act on them. Numeracy 

is defined as the individuals’ capacity to understand and 

process basic probability and numerical information re-

quired to make decisions. Research by Peters (2012) 

demonstrated that numeracy is a predictor of behavior in 

judgment and decision-making tasks. 

We embarked on a direct replication of Peters et al. 

(2006) with two primary goals. Our first goal was to conduct 

an independent replication of the associations between nu-

meracy and four decision-making paradigms. Our second 

goal was to examine an extension regarding the role of nu-

meric confidence (or, subjective numeracy). 

We begin by introducing the literature on numeracy and 

various decision making biases examined in the chosen ar-

ticle for replication - Peters et al. (2006). We provide a brief 

overview of the decision-making paradigms, in relation to 

numeracy. We then discuss our chosen target article, sum-

marize its hypotheses and findings, and introduce our ex-

tension on the relationship between confidence, numeracy, 

and decision-making. 

Attribute framing and numeracy     

Framing effect is a well-established phenomenon in psy-

chology and behavioral economics, in which decisions are 

influenced by the way information is presented, such as 

variations in valence - positive versus negative framing 

(Tversky & Kahneman, 1985). 

Attribute framing is a type of framing effect and relates 

to the labeling of a particular attribute of an object or an 

event. For instance, ground beef with 75%-25% meat-fat ra-

tio could be presented as “75% lean” or “25% fat”. Levin 

and Gaelth (1988) found that people evaluated beef under 

the “% lean” framing more positively than in the “% fat” 

framing. Such framing effects have received empirical sup-

port by many follow-up studies (e.g., Freling et al., 2014; 

Piñon & Gambara, 2005). 
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PCIRR-Study Design Table    

Question Hypothesis Analysis 
plan 

Rationale for 
deciding the 
sensitivity of the 
test for confirming 
or disconfirming 
the hypothesis 

Interpretation given 
different outcomes 

Theory that could 
be shown wrong by 
the outcomes 

Observed outcome 
(Added in Stage 2) 

What is the relationship 
between numeracy and 
positive-negative framing 
effects 

Higher numeracy is 
associated with 
weaker positive-
negative framing 
effect 

Mixed 
ANOVA 
Correlations 

Our strategy for all 
replicated studies: 
1. We keep the 
statistical method 
of the original 
paper as it treats 
numeracy as 
dichotomized. 
2. We treat 
numeracy as a 
continuous 
variable, therefore 
adapt correlation. 

Based on the criteria 
used by Lebel et al. 
(2019) 
We examine the 
replicability of the 
findings of Peters et al. 
(2006), and support for 
our suggested 
extensions. 

Attribute framing 
effect 

Numeracy was associated with weaker framing 
effect (η2

p = 0.01, 90% CI [0.00, 0.02]) 

What is the relationship 
between numeracy and 
percentage and frequency 
effects 

Higher numeracy is 
associated with 
weaker frequency-
percentage effects 

Factorial 
ANOVA 
Correlations 

Frequency-
percentage framing 
effect 

We found mixed support for numeracy 
association with frequency-percentage effect. No 
support in replication using dichotomy (η2

p = 
0.00, 90% CI [0.00, 0.01]), but supported in an 
extension using continuous. 

What is the relationship 
between numeracy and 
ratio bias 
What is the relationship 
between numeracy and 
affect precision 

Higher numeracy is 
associated with more 
optimal choices in 
competing affective 
decisions. 
Higher numeracy is 
associated with higher 
affective precision, in 
competing affective 
decisions. 

Chi-square 
test 
Independent 
t-test 
Correlations 

Deliberate-
experiential 
thinking modes 
Ratio bias 

Numeracy was associated with weaker ratio bias 
(Cramer’s V = 0.17, 95% CI [0.10, 0.24]) 

What is the relationship 
between numeracy and 
affective precision and 
affect in probabilities and 
numerical comparisons 

Higher numeracy is 
associated with higher 
affective precision in 
probabilities and 
numerical 
comparisons. 
Higher numeracy is 
associated with 
greater affect in 
probabilities and 
numerical 
comparisons. 

Factorial 
ANOVA 
Independent 
t-test 
Correlations 

The highly 
numerate will focus 
more on details of 
numbers and draw 
more affective 
meanings. 
Bets effect 

Numeracy was associated with stronger bets 
effect (η2

p = 0.02, 90% CI [0.01, 0.04]) 

What is the relationship 
between objective 
numeracy and confidence 
under specific conditions? 

The highly numerate is 
related to higher 
subjective confidence 

Correlations Associations with 
subjective 
confidence and 
objective numeracy 

Mixed weak results. 

Note. For the sampling plan please see power analysis in the methods section. 
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Attribute framing is related to how people understand 

and process numerical concepts, suggesting a possible link 

between numeracy and framing effects. Some studies found 

that less numerate people were more susceptible to framing 

effects (including attribute framing) (Choi et al., 2011; 

Gamliel et al., 2016; Gamliel & Kreiner, 2017). For instance, 

Gamliel and Kreiner (2017) demonstrated the relationship 

between numeracy and attribute framing bias: students 

with lower numeracy rated a university course higher if pre-

sented with success rates compared to failure rates. They 

suggested that decision makers with lower numeracy rely 

more heavily on “non-numerical information”, whereas 

those with high numeracy pay more attention to numerical 

information and attain greater accuracy with numbers. 

Therefore, lower numeracy may be associated with stronger 

polarization due to the positive or negative valence of 

framing presentations. 

Peters (2012) suggested that highly numerate individu-

als have the capacity to go beyond the specific numerical 

information and understand underlying relational informa-

tion. For example, when a positive outcome is presented as 

75% success rate, the highly numerate are more likely to 

also infer the complementary proportion of the failure rate 

of 25%, with similar logic for when the failure rates are pre-

sented and success rates are inferred. Therefore, the argu-

ment in relation to numeracy was that framing bias is at-

tenuated when one is capable of grasping and processing 

both the positive and the negative information in a deci-

sion. 

Frequency-percentage effect and numeracy     

Frequency-percentage effect (or “frequency effect”) is 

the phenomenon that decision making changes when the 

numbers are presented in forms of frequency (e.g., 10 out of 

100) compared to percentage (e.g., 10%) (Gigerenzer, 1991; 

Hill & Brase, 2012). 

Those higher on numeracy seem less likely affected by 

whether the number is represented in frequency or in per-

centage (Dickert et al., 2011; Hill & Brase, 2012; Peters et 

al., 2011). For instance, Peters et al. (2011) tested the re-

lationship among patients. They informed patients of the 

side-effects of a medication in either frequency or percent-

age formats (i.e., 10 out 100 versus 10%) and then asked 

them to rate risk levels. They found that the less numer-

ate were more likely to perceive the medication as less risky 

when presented in percentage format than in a frequency 

format. The possible mechanisms could be similar to those 

we previously discussed regarding the framing effect. Those 

higher on numeracy may be able to better understand the 

frequency and probability information as the same mathe-

matical quantity (Hill & Brase, 2012; Peters, 2012). 

Ratio bias and numeracy     

Ratio bias (or numerosity effect) is the phenomenon that 

people tend to focus on absolute numbers rather than on 

probabilities (Peters et al., 2008; Reyna et al., 2009). For ex-

ample, people are more likely to choose to select from a 

sample with a relatively large numerator/large denomina-

tor (e.g., 9 in 100) rather than the preferred odds yet rela-

tively smaller numerator/small denominator (e.g., 1 in 10). 

Reyna and Brainerd (2008) separated ratio bias into a 

heuristic ratio bias (i.e., identical probabilities in the two 

samples) and a non-optimal ratio bias (i.e., higher proba-

bilities but smaller absolute numerator or lower probabil-

ities but greater absolute numerator). One classic heuris-

tic ratio bias example was from the study of Miller et al. 

(1989). Children randomly choose a cookie from one of two 

cookie jars, one containing 1 chocolate chip and 19 oatmeal 

cookies and the other containing 10 chocolate chips and 

190 oatmeal cookies. The probabilities of having a choco-

late chip are the same, yet Miller et al. (1989) found that 

children preferred to choose from the later one, with the 

larger numbers. 

Peters et al. (2006) demonstrated that lower numeracy 

was associated with less optimal choices in ratio related de-

cisions. 

Affect, bets effect, and numeracy      

Two modes of processing information appear to be af-

fective-experiential and deliberative and are also known as 

the dual process model (Kahneman, 2003; Sloman, 1996). 

The model suggests that affective-experiential mode pro-

duces thoughts and feelings in a relatively effortless and 

spontaneous manner, whereas deliberative mode requires 

conscious reason-based and analytical thinking. Affect may 

provide information about the goodness and badness of an 

option and might as a consequence influence further choice 

processes. 

Numeracy has been argued as moderating the associa-

tion between affect and decision-making (Rottenstreich & 

Hsee, 2001; Traczyk & Fulawka, 2016), with the potential 

of aiding decision making, yet may sometimes lead to num-

ber overuse and worsen decisions (Pachur & Galesic, 2013; 

Peters & Bjalkebring, 2015). Those with higher numeracy 

seem to draw more precise affective information, then form 

relevant risk perception, and use that information in mak-

ing related decisions. 

In a demonstration of the possible advantages, Petrova 

et al. (2014) conducted a study about decision making re-

garding camera insurance. They found that participants 

with higher numeracy reported greater negative emotions 

to 90% chance of losing camera compared to 50% chance. 

In addition, they were willing to pay more on insurance 

against the loss when the loss probability was higher. By 

contrast, participants with lower numeracy seemed less 

sensitive to the two probabilities levels. 

However, there are possible nuances and unintended 

side-effects to drawing precise numerical information, de-

pending on the defined desired outcome. For example, Kle-

ber et al. (2013) conducted research on donations and they 

found that numeracy was associated with donation behav-

ior, with the more numerate focusing on projects with the 

greatest proportion of recipients, whereas those lower on 

numeracy tended to donate more with increases in both 

the number of recipients and the total number of people in 

need. 
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Choice of study for replication: Peters et al.         

(2006)  

We chose the article by Peters et al. (2006) as the target 

for replication based on the following factors: its impact 

and potential for improvement on methodological limita-

tions in the original studies. 

The article has had much impact on scholarly research 

in the area of social psychology and judgment and decision 

making. At the time of writing (July, 2022), there were over 

1400 Google Scholar citations of the article. In addition, Pe-

ters et al. (2006)'s work had important practical implica-

tions especially in the domains of medical decision mak-

ing (Okamoto et al., 2012; Reyna et al., 2009) and financial 

decision making (Estrada-Mejía et al., 2016; Traczyk et al., 

2018). 

We reached out to the authors to request assistance with 

the original materials, and to try and assess any published 

and ongoing replication work. They indicated most of the 

original materials have been lost to time, yet kindly referred 

us to some of the extensive follow-up literature with con-

ceptual replications and related materials, from which we 

were able to reconstruct most of the studies. We have also 

learned of other attempts at a replication of the broader nu-

meracy literature in other languages (Polish) and have been 

in touch with their authors to coordinate efforts. To our 

knowledge, there are no published direct close replications 

of the target article’s studies. 

Examining the studies, we believe a direct replication is 

especially relevant given the low power and some of the 

statistical method choices. Their Studies 1-4 had 100, 46, 

46, and 171 participants, respectively, which may seem low, 

especially given the interaction and supplementary analy-

ses. Furthermore, the methods employed dichotomizing of 

the continuous numeracy scale, which we thought could 

be improved by analyzing as the intended continuous mea-

sure, and may allow for more accurate insights and conclu-

sions. 

We therefore aimed to revisit the classic phenomenon to 

examine the reproducibility and replicability of the findings 

with independent replications. We followed recent growing 

recognition of the importance of reproducibility and replic-

ability in psychological science (e.g., Brandt et al., 2014; 

Open Science Collaboration, 2015; van’t Veer & Giner-

Sorolla, 2016; Zwaan et al., 2018) and embarked on a well-

powered pre-registered very close replication of Peters et 

al. (2006). 

Hypotheses and findings in target article       

Peters et al. (2006) conducted four studies and we aimed 

to replicate all of them with needed adjustments and col-

lected in a single data collection, with the experiments dis-

played in a random order (more on that in the methods 

section). Below we review the findings in each of the tar-

get’s studies. We summarized the target’s hypotheses and 

our extension’s hypothesis in Table 1. 

Study 1: Numeracy and Positive-negative Framing       

Study 1 sought to examine the relationship between nu-

meracy and attribute framing. They hypothesized that par-

ticipants with low numeracy are more likely to be affected 

by attribute framing. 

To test this, they recruited participants through campus 

newspapers. Participants first answered the numeracy scale 

developed by Lipkus et al. (2001). Then, they rated the qual-

ity of five psychology students’ work. Participants were ran-

domly assigned to positive or negative framing conditions. 

For instance, Emily received either 74% correct or 26% in-

correct on her exam. 

Peters et al. (2006) dichotomized numeracy to high nu-

merate (9-11 items correct) and low numerate (2-8 items 

correct) with a median split. To test the hypothesis, they 

used a mixed ANOVA. They reported that higher numerate 

participants were less susceptible for framing bias (f = 0.25, 

90% CI [0.00, 0.42]). 

Study 2: Numeracy and Frequency-percentage Effect       

Study 2 aimed to examine the relationship between nu-

meracy and percentage-frequency framing effect. They hy-

pothesized that participants with low numeracy are more 

likely to be affected by frequency-percentage effect. To test 

this, they recruited university students from a psychology 

course. Participants read the mental-patient scenario in ei-

ther a frequency or percentage format and rate that the 

risk level of that patient who would harm someone. They 

ran a factorial ANOVA and found that low numerate rated 

lower in the percentage condition than frequency condition 

whereas the high numerate rated both conditions similarly 

(f = 0.31, 90% CI [0.00, 0.58]). 

Study 3: Numeracy, Affect, and Ratio Bias        

Study 3 intended to explore the association between nu-

meracy and ratio bias as well as numeracy and the influence 

of affective information. They hypothesized that numeracy 

is associated with more optimal choices, evoking less affect 

and higher affective precision. 

To test this, they recruited university students from a 

psychology course. Participants from Studies 2 and 3 were 

the same group. Participants read about a choice between 

two bowls, Bowl A-9-100 with affectively appealing descrip-

tion but less objectively favorable outcome (9 jellybeans of 

a bowl of 100) and Bowl B-1-10 with less appealing descrip-

tion but better results (1 jellybean of a bowl of 10). Partic-

ipants rated their preference for a bowl and selected one. 

After indicating the preference and choice, they rated affect 

towards the Bowl A-9-100 option. 

The authors used a chi-square test to examine partic-

ipants’ choices of two bowls and found that the less nu-

merate were more likely to choose Bowl A-9-100 (φ = 0.77) 

and that the highly numerate showed higher preference for 

Bowl B-1-10 (d = -0.74, 95% CI [-1.33, -0.13]). In addition, 

the high numerate reported higher affect precision towards 

Bowl A-9-100 (d = 0.78, 95% CI [0.17, 1.36]). The study re-

ported no support for differences in feelings (d = 0.46). 
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Table 1. Summary of hypotheses of replication and extension        

Study Hypothesis Description of hypothesis 

1 1(original) The less numerate show a stronger framing effect than the highly numerate. 

1 (extension) Higher numeracy is associated with weaker positive-negative framing effects. 

2 1 (original) The less numerate are affected more by the frequency-percentage effect than the highly numerate. 

1 (extension) Higher numeracy is associated with weaker frequency-percentage effects. 

3 1 (original) 
The less numerate make more sub-optimal choices in competing affective decisions than the highly 
numerate. 

1 (extension) Higher numeracy is associated with more optimal choices in competing affective decisions.. 

2 (original) 
The less numerate have the more positive affect about the affectively appealing bowl with less 
favorable objective probabilities in competing affective decisions than the highly numerate. 

2 (extension) 
Higher numeracy is associated with more negative affect about the affectively appealing bowl with 
less favorable objective probabilities. 

3 (original) 
The less numerate have lower affective precision about the affectively appealing bowl with less 
favorable objective probabilities than the highly numerate. 

3 (extension) 
Higher numeracy is associated with higher affective precision about the affectively appealing bowl 
with less favorable objective probabilities. 

4 1 (original) The less numerate show smaller difference of rating of bets than the highly numerate. 

1 (extension) Higher numeracy is associated with larger differences in the rating of bets. 

2 (original) 
The less numerate draw less affective meaning in probabilities and numerical comparisons than the 
highly numerate. 

2 (extension) 
Higher numeracy is associated with drawing more affective meaning in probabilities and numerical 
comparisons. 

Extension: Confidence 

1, 2, 
3, 4 

1 Numeracy is positively associated with confidence. 

Note. For each of the hypotheses we reframed the hypotheses deduced from the conclusions in the original article from a dichotomy (high numerate versus low numerate, labeled as 

“original”) to a continuous association (higher numeracy is associated with…, labeled as “extension”). 

Study 4: Numeracy, Affect, and Bets Effect        

Study 4 examined the relationship between numeracy 

and affect in probabilities and numerical comparisons. 

They hypothesized that numeracy is associated with affect 

arousal and affective precision. 

To test this, they recruited volunteers from a subject’s 

pool of psychology department. Participants read the sce-

nario about a bet with 7/36 chance to win $9 and 29/36 

chance to win nothing or a bet with 7/36 chance to win $9 

but 29/36 chance to lose 5 cents. The possible bets were vi-

sualized with a roulette wheel. Participants evaluated the 

attractiveness of the bet and their affect precision and af-

fect, using the same scales as in Study 3. 

They employed a factorial ANOVA and an independent 

samples t-test. They found that those high on numeracy 

rated the loss bet as more attractive in loss bet condition, 

whereas participants with low numeracy rated two condi-

tions the same on average (f = 0.23, 90% [0.10, 0.35]). With 

respect to affect precision, participants with high numer-

acy had clearer feelings about the bets than those with low 

numeracy. The high numerate also reported more positive 

affect in the loss condition than in the no-loss condition, 

whereas there were weaker differences for the low numer-

ate (f = 0.20, 90% [0.10,0.50]). Peters (2020) summarized 

such findings as “bets effect” in her book and we therefore 

also use this term. 

We summarized the findings in the target article in Table 

2. 

Extension: Numeracy as a Continuous Measure       

We added analyses to treat numeracy as a continuous 

variable instead of the dichotomy used in the target article. 

Methodologists have increasingly expressed concerns re-

garding the dichotomization of continuous variables as it 

might result in suboptimal interpretations (Altman & 

Royston, 2006; Fedorov et al., 2009; Lazic, 2018; Mari-

ooryad & Busso, 2015). One of the primary limitations is 

the loss of information, and treating samples within the 

same group as having the same underlying properties. 

Peters et al. (2006) conducted a median split of numer-

acy scores: Participants who achieved a score of 9 or more 

were categorized as highly numerate whereas those who 

achieved 8 or lower were categorized as less numerate. 

However, the differences between individuals who achieved 

8 and 9 might be neglectable, and no different than the dif-

ferences between individuals who achieved 9 compared to 

10 or 7 compared to 8. In addition, dichotomization reduces 

the power of statistical tests and effect sizes (Bakhshi et al., 

2012). Fedorov et al. (2009) argued that 100 continuous ob-

servations are statistically equivalent to 158 dichotomized 

observations. Thus, the aim of treating numeracy as a con-

tinuous variable is to obtain more accurate effects, max-
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Table 2. Summary of original findings in the target article         

S Factors E Effect % CIs CIL CIH 

1 Numeracy and framing effect f 0.25 90% 0.00 0.42 

2 Numeracy and frequency-percentage effect f 0.31 90% 0.00 0.58 

3 Numeracy and bowl choice φ 0.77 95% / / 

Numeracy and preference for bowls d -0.74 95% -1.33 -0.13 

Numeracy and affect precision d 0.78 95% 0.17 1.36 

Numeracy and affect d 0.46 95% / / 

4 Numeracy and attractiveness of bet f 0.23 90% 0.10 0.35 

Numeracy and affect precision f / / / / 

Numeracy and affect f 0.20 90% 0.10 0.50 

Note. CIL = lower bounds for CIs. CIH = higher bounds of CIs. We report 90% CIs for ANOVA eta-squared given the effect size is always positive. 

imize power, and address potential misinterpretations re-

sulting from dichotomization. 

Extension: Confidence   

We aimed to extend the replication by examining de-

cision-making confidence. Confidence regarding a decision 

involving statistics may be considered as a measure of sub-

jective numeracy or numeric self-efficacy, concerning how 

confident people are in their ability to understand numeric 

information and use mathematical concepts (Peters, 2020, 

p. 5). We discuss two rationales for this extension. 

First, there are mixed findings regarding the association 

between subjective and objective numeracy. A body of re-

search illustrates that subjective numeracy is positively as-

sociated with objective numeracy (Garcia-Retamero et al., 

2015; Nelson et al., 2013; Peters, Fennema, et al., 2019). 

According to the Health Information National Trends Sur-

vey conducted by Nelson et al. (2013), participants who 

regarded themselves as high in subjective numeracy had 

higher correction rates of objective numeracy questions. 

Another recent study done by Rolison et al. (2020) illus-

trated that individuals with higher objective numeracy were 

more likely to have correct answers in health risk compre-

hension questions. However, some research found no sup-

port for such an association and people with low objective 

numeracy sometimes deem themselves as highly numerate 

(Gamliel et al., 2016; Liberali et al., 2012; Peters, Tomp-

kins, et al., 2019). For instance, Peters et al. (2019) reported 

that the objective numeracy sometimes mismatches subjec-

tive confidence: 31% participants with high numeracy but 

low confidence and 44% participants with low numeracy 

but high confidence. 

Second, most current studies measure trait subjective 

numeracy with self-report questionnaires and two fre-

quently-used scales are Subjective Numeracy Scale devel-

oped by Fagerlin et al. (2007) and STAT-Confidence Scale 

developed by Woloshin et al. (2005). Self-report question-

naires target participants’ traits or general impressions 

about their numeracy competence and preference for num-

bers. It may vary from specific numeric confidence regard-

ing specific decision making paradigms. Very few studies 

directly ask participants to rate their confidence about their 

decisions and answers in response to specific scenarios. 

Therefore, this study intends to examine the relationship 

between objective numeracy and subjective confidence in 

four studies of Peters et al. (2006). We hypothesized that 

objective numeracy is positively associated with confidence 

in each study. 

Pre-Registration and Open-science    

We pre-registered the experiment on the Open Science 

Framework (OSF) and data collection was launched later 

that week. Pre-registrations, power analyses, and all mate-

rials used in these experiments are available in the supple-

mentary materials. We provided all materials, data, code, 

and pre-registration on: https://osf.io/4hjck/. The IPA reg-

istration link is https://osf.io/r73fb. 

We provided additional open-science details and disclo-

sures in the supplementary materials under “Open Science 

disclosures” sub-section. All measures, manipulations, ex-

clusions conducted for this investigation are reported, all 

studies were pre-registered with power analyses, and data 

collection was completed before analyses. 

Methods  

Power Analysis   

We calculated effect sizes (ES) and power based on the 

statistics reported in the target article (see supplementary 

materials). We then conducted a power analysis using 

G*Power (Faul et al., 2007) for the statistical tests in each of 

the decision-making risk paradigms separately (i.e. framing 

effect, frequency-percentage effect, ratio bias and bets ef-

fect). 

Power analyses were conducted on the results of the 

main findings in the original study that yielded significant 

effect and supported the hypotheses for Studies 1 to 4. The 

largest required sample size in all effects was a result from 

two-way between-subjective ANOVA, which when aiming 

for a power of 0.95 and alpha of 0.05 one-tail was N = 314. 

We provide further information regarding our calculations 

in the “Power analysis of original study effect to assess re-

quired sample for replication” section in the supplementary 

materials. 
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Table 3. Differences and similarities between original study and replication         

Peters et al. 
(2006) 
Study 1 

Peters et al. 
(2006) 
Study 2 and 3 

Peters et al. 
(2006) 
Study 4 

US MTurk workers 

Sample size 100 46 171 860 

Geographic origin US American US American 

Gender 
55 males, 45 
females 

Not reported 
79 males, 92 
females 

441 males, 415 females, 4 other/did 
not disclose 

Median age (years) Not reported Not reported Not reported 40 

Average age (years) 26 Not reported 19 43.19 

Standard deviation age 
(years) 

Not reported Not reported Not reported 12.73 

Age range (years) Not reported Not reported Not reported 19-81 

Medium (location) 
Pencil and 
paper 

Not reported Not reported Computer (online) 

Compensation $10 Not reported Not reported Nominal payment 

Year 2005 2005 2005 2022 

Given the possibility that the original effects are over-

estimated, we used the suggested Simonsohn (2015) rule 

of thumb, even if meant for other designs, and multiplied 

314 by 2.5 resulting in 785 participants. Allowing for pos-

sible exclusions we summarized a total sample of 850 par-

ticipants. Our sensitivity analysis indicated that a sample 

of 850 would allow the detection of f = 0.12 (one covariate, 

groups = 2, df = 1, 95% power, alpha = 5%, one-tail), an ef-

fect much weaker than any of the effects reported in the 

original, and the detection of r = 0.12 in our continuous 

measures extension, an effect considered weak in social 

psychology (Lovakov & Agadullina, 2021). 

Participants  

We recruited 919 participants, but 59 of them failed the 

verifications or consent at the beginning. They were not 

considered as participants and were filtered out. Therefore, 

we had 860 participants (Mage = 43.19, SD = 12.73; 415 

(48.3%) females) from Amazon Mechanical Turk using the 

CloudResearch/Turkprime platform (Litman et al., 2017). 

We summarized sample demographics and details in Table 

3. 

Based on our extensive experience of running similar 

judgment and decision making replications on MTurk, to 

ensure high quality data collection, we employed the fol-

lowing CloudResearch options: Duplicate IP Block. Dupli-

cate Geocode Block, Suspicious Geocode Block, Verify 

Worker Country Location, Enhanced Privacy, 

CloudResearch Approved Participants and Block Low Qual-

ity Participants. We also employed the Qualtrics fraud and 

spam prevention measures: reCAPTCHA, prevent multiple 

submission, prevent ballotstuffing, bot detection, security 

scan monitor and relevantID. We also reported the details 

of payment and duration of study in the “additional infor-

mation in the study” section in the supplementary. 

Design: Replication and Extension     

We summarized the experimental design in Tables 4, 5, 

6, and 7. To conduct a replication of the four studies in 

the original article, we ran the four studies together in a 

single data collection. The display of scenarios and condi-

tions were counterbalanced using the randomizer “evenly 

present” function in Qualtrics. Scenarios were presented in 

random order and participants were randomly and evenly 

assigned into different conditions. This method was previ-

ously tested successfully in many of the replications and 

extensions conducted by our team (e.g., Adelina & Feld-

man, 2021; Vonasch et al., 2022; Yeung & Feldman, 2022). 

The methodology is especially powerful in addressing po-

tential concerns about the target sample (e.g., naivety and 

attentiveness), such as when some studies in the target ar-

ticle replicate successfully whereas others from the same 

article do not, which suggests that it is likely the failed 

study that is the cause for the failure rather than the par-

ticipants’ characteristics. This methodology also allows for 

examining possible links between the different studies and 

the consistency in participants’ responding to similar deci-

sion-making paradigms. 

Procedures  

Participants first read the consent form, study outline, 

and then acknowledged a warning about not looking up an-

swers online. They were then randomly assigned to a con-

dition in each of the four studies. The order of four studies 

and their conditions were randomized. After the comple-

tion of tasks of four scenarios, they completed two numer-

acy scales, in random order. Then, they verified not using 

external aids in answering the questionnaire. At the end, 

participants answered a number of funneling questions (se-

riousness towards the survey, study purpose conjecture, 

and feedback) and provided demographic information. We 

added a more comprehensive overview of the survey proce-

dure in the “procedure” section in the supplementary. 

Revisiting the Links Between Numeracy and Decision Making: Replication Registered Report of Peters et al. (2006) With an...

Collabra: Psychology 7

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://o

n
lin

e
.u

c
p
re

s
s
.e

d
u
/c

o
lla

b
ra

/a
rtic

le
-p

d
f/9

/1
/7

7
6
0
8
/7

8
1
4
4
4
/c

o
lla

b
ra

_
2

0
2
3
_
9
_
1
_
7
7
6
0
8
.p

d
f b

y
 g

u
e
s
t o

n
 1

6
 J

u
n
e
 2

0
2
3



Table 4. Study 1:   Replication and extension experimental design      

IV1: Numeracy 
[between subject/continuous] 
IV2: Positive-negative framing 
[between subject] 

IV1: Numeracy 
Original numeracy scale. 
Extension numeracy scale. 

IV2: Positive framing condition 
Scores framed positively “% correct” 

Dependent variable 
Evaluation of students’ performance 
Please rate each student’s quality of work 
"Very poor" (-3) to "Very good" (3) 
(for each of the five students) 

Extension dependent variable 
Evaluation of subjective confidence level 
How confident are you that you made an accurate assessment of the five students? 
“Not at all confident” (0) to “Very confident” (6) 

IV2: Negative framing condition 
Scores framed negatively “% incorrect” 

Table 5. Study 2:   Replication and extension experimental design      

IV1: Numeracy 
[between subject/continuous] 
IV2: Frequency-percentage description (risk format) 
[between subject] 

IV1: Numeracy 
Original numeracy scale. 
Extension numeracy scale. 

IV2: Frequency condition 
“Of every 100… 10 are estimated…” 

Dependent variable 
Evaluation of risk level 
Please rate the level of risk that Mr. Jones would harm someone 
“Low risk” (1) to “High risk” (6) 

Extension dependent variable 
Evaluation of subjective confidence level 
How confident are you that made an accurate risk assessment? 
“Not at all confident” (0) to “Very confident” (6) 

IV2: Percentage condition 
“Of every 100… 10% are estimated… 

Measures  

We detailed the measures of the replications and exten-

sions for each condition in Tables 4, 5, 6, and 7. We pro-

vided all materials, with all experimental manipulation and 

the scales used, in the supplementary materials. 

Numeracy  

Objective numeracy predictor was measured using the 

Numeracy Scale developed by Lipkus et al. (2001) (Cron-

bach’s  = 0.64). We refer to it as the “original numeracy 

scale”, and it has 11 items and the total mark is 11. 

We added an additional numeracy measure as an ex-

tension: Numeracy Scale developed by Weller et al. (2013) 

(Cronbach’s  = 0.66). We refer to it as the “Rasch-based 

numeracy scale”, and it has eight items and the total mark 

is 8. 

Manipulations  

Study 1: Positive versus Negative Framing       

Participants were randomly assigned to either positive 

framing or negative framing conditions. They were asked 

to rate the quality of five psychology students’ exam scores 

framed positively or negatively. The order of five exam 

scores was randomized. 

Study 2: Frequency and Percentage Condition       

Participants were randomly assigned to frequency or 

percentage conditions. Participants read the scenario of Mr. 

Jones, a mental patient with the potential to harm some-

one when released. Participants then rate the risk level of 

patients like Mr. Jones under either frequency framing (i.e., 

10 out of 100 patients) or percentage framing (i.e., 10% of 

100 patients). 

Study 3: Ratio Bias     

Participants first read a scenario describing two jelly-

bean bowls. Bowl A-9-100 is the more attractive yet with 

less objectively favorable outcome than Bowl B-1-10. Par-

ticipants rated their preference for Bowl A-9-100, and then 

chose one of the bowls. They then rated affect levels and af-

fect precision of both bowls. 

Study 4: No Loss versus Loss Condition        

Participants were randomly assigned to loss versus no-

loss conditions. Participants read the scenario on a bet with 

“a chance 7 out 36 chance to win $9 and 29 out 36 chance 

to win nothing” or with "a chance 7 out 36 chance to win $9 

but 29 out 36 chance to lose 5 cents’'. The chance of bet was 

visualized using a picture of a roulette wheel. Participants 

evaluated the attractiveness of the bet, and then rated af-

fect and affect precision towards two bets. 
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Table 6. Study 3:   Replication and extension experimental design      

IV: Numeracy 
[between subject/continuous] 
Original numeracy scale. 
Extension numeracy scale. 

Dependent variables 
Preference of bowl 
Bowl A-9-100; 100 jellybeans, 9% colored (odds = 9 out of 100 = 9%) 
Bowl B-1-10: 10 jellybeans, 10% colored (odds = 1 out of 10 = 10%) 
“Imagine that if you select a colored bean, you will WIN $5. Would you prefer to pick from Bowl A or Bowl B?” 
“Strong preference for Bowl A” (6) to “Strong preference for Bowl B” (6) 

Affect precision for Bowl A-9-100 choice 
How clear a feeling do you have about the goodness or badness of Bowl A’s 9% chance of winning? 
“Completely unclear” (0) to “Completely clear” (6) 

Affect for Bowl A-9-100 choice 
How good or bad does Bowl A’s 9% chance of winning make you feel? 
“Very bad” (-3) to “Very good” (3) 

[Added adjustment dependent variables] 
Affect precision for Bowl B-1-10 choice 
How clear a feeling do you have about the goodness or badness of Bowl B’s 10% chance of winning? 
“Completely unclear” (0) to “Completely clear” (6) 

Affect for Bowl B-1-10 choice 
How good or bad does Bowl B’s 10% chance of winning make you feel? 
“Very bad” (-3) to “Very good” (3) 

Forced choice of bowls 
If you were forced to choose, which bowl would you prefer to choose from? 
“Bowl A” or “Bowl B” 

Extension dependent variables 
Evaluation of subjective confidence level 
How confident are you that made an optimal selection between Bowl A and Bowl B? 
“Not at all confident” (0) to “Very confident” (6) 

Table 7. Study 4:   Replication and extension experimental design      

IV1: Numeracy 
[between subject/continuous] 
IV2: Bet type (loss vs. no-loss) 
[between subject] 

IV1: Numeracy 
Original numeracy scale. 
Extension numeracy scale. 

IV2: Bet - No loss condition 
“There is a 7/36 chance to win $9 and 29/36 chance to 
win nothing.” 

Dependent variable 
Evaluation of bet’s attractiveness 
Please indicate your opinion of this bet’s attractiveness 
"Not at all attractive bet" (0) to "Extremely attractive bet" (20) 

Affect precision for bet 
How clear a feeling do you have about the goodness or badness of the 
bet? 
“Completely unclear” (0) to “Completely clear” (6) 

Affect for bet 
How good or bad does the bet make you feel? 
“Very bad” (-3) to “Very good” (3) 

Extension dependent variable 
Evaluation of subjective confidence level 
How confident are you that you made an accurate assessment of the 
bet’s attractiveness? 
“Not at all confident” (0) to “Very confident” (6) 

IV2: Bet - Loss condition 
“There is a 7/36 chance to win $9 and 29/36 chance to 
lose 5 cents.” 

Deviations  

We note we made several adjustments that are devia-

tions from the original’s design. We summarize the details 

of the deviations with comparisons of the original paper 

and our replication in Table 8. 

In terms of the measurement of numeracy, we added an 

objective numeracy scale developed by Weller et al. (2013). 
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Table 8. Classification of the replication, based on LeBel et al.          (2018)  

Design facet Replication Details of deviation 

Hypothesis Same+extension 
We ran the original analyses and added a reframing of the hypotheses 
treating numeracy as a continuous variable. 

IV construct Same 

DV construct Similar 
We reconstructed our version of the scores of the four students described in 
Study 1, as the stimuli was not provided in the article. 

IV operationalization Similar We randomized the order of the numeracy questions 

DV operationalization Similar 
In Study 3, we added exploratory extra questions for more optimal choice on 
affect and affect precision (on Bowl B-1-10). We also added the question on 
compulsory bowl choices. 

IV stimuli Similar Added an extra numeracy scale 

DV stimuli Same 

Procedural details Similar+extensions 

The dependent variables on the four studies were completed together, in 
random order 
Added a warning pledge before test 
Added a question confirming not using external aids to find answers 
Added familiarity questions in Studies 2, 3, and 4 
We did not collect SAT scores 

Physical settings Different Online questionnaire 

Population (e.g., age) Different Online US American MTurk workers 

Replication classification Close replication 

Note. We summarized the replication as a close replication using the criteria by LeBel et al. (2018) criteria, summarized in the supplementary materials in section “Replication close-

ness”. 

The rationale for this extension is that this scale has 

demonstrated sound psychometric properties based on 

Rasch analysis and is argued to have better predictive va-

lidity than previous scales. Several recent studies have 

adopted it and shown support for high internal consistency 

(Cheng, 2020; Dolan et al., 2016; Peters, Fennema, et al., 

2019). 

We added a warning pledge block at the beginning of 

the questionnaire to ask participants not to look for an-

swers and added a question at the end asking participants 

whether they used any external aids to search answers after 

the completion of two numeracy scales. 

We made minor visual adjustments in the original nu-

meracy scale (Lipkus et al., 2001), we removed decimals in 

10.00, and turned the 1,000 into 1000. Given that we asked 

for and validated the input of numbers without decimals 

and commas, these may confuse participants. 

The target article paper used SAT scores as a proxy mea-

sure for intelligence as they demonstrated that intelligence 

is positively associated with objective numeracy. Collection 

of SAT scores is not applicable to our target sample, and is 

not a core component of the target article. 

The target article ran data collection for each of the 

studies separately, and reported using pencil and paper in 

Study 1 (Studies 2, 3, and 4 not reported). We conducted 

data collection online in a unified design in which partici-

pants answer all the dependent variables of the four studies 

in random order. 

In Study 1, the original paper did not report the specific 

scores of five psychology students, which only had one ex-

ample. Therefore, we reconstructed our own version of the 

four students’ scores with four percent increment or four 

percent decrement (i.e., 66%, 70%, 74%, 78% and 82%). 

In Study 3, we added the questions of affect precision 

and affect for Bowl B-1-10. These were meant as ex-

ploratory measures to allow us to determine how partici-

pants feel about both options to allow for baseline com-

parisons. We considered the possibility that drawing 

conclusions from the ratings of only one of the two bowls 

may be lacking, whereas a comparison of the two options 

would be more accurate. In addition, we added the forced 

bowl choice after the preference of two bowls rating. The 

original paper conducted the chi-square test but did not 

report the process of categorization of Bowl A-9-100 and 

Bowl B-1-10. Therefore, we required an extra question to 

confirm the choices. 

Data Analysis Strategy    

Replication: As in the original      

The original paper dichotomized the numeracy scores 

as high numerate and low numerate. They conducted a 2 

between x 5 within mixed ANOVA in Study 1, a two-way 

ANOVA in Study 2, and in Study 3 a chi-square test on the 

question of choosing Bowl, and an independent t-test to 

test bowl preference, affect, and affect precision. In Study 

4, they conducted a factorial ANOVA for main interaction 

effect (i.e., numeracy and attractiveness of bet, numeracy 

and affect, numeracy and affect precision) and independent 

t-test to compare the responses (i.e., rate of attractiveness, 

affect and affect precision) of the high numerate under two 

conditions. 
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Extension: Additional analyses    

To our understanding, one of the major weaknesses of 

the target article is in their decision to dichotomize a con-

tinuous measure. In the replication, we supplemented the 

original analyses with additional analyses treating numer-

acy scores as intended - a continuous variable. Therefore, 

in Studies 1, 2, 3 and 4 we conducted correlational analyses 

and in Study 3 we conducted an extra independent t-test for 

bowl choice. 

Extension: Confidence   

We conducted correlational analyses for confidence level 

and numeracy scale score. 

Results  

In this section, we reported the results of the sample 

without exclusion. Our original plan for the exclusion was 

for the case in which the replication failed, and for the most 

part they did not, and we also realized that the large num-

ber of exclusions severely limited our power to detect the 

effects. Therefore, we focus our analyses on the full sam-

ple. We provided the results post-exclusions in the section 

“overview of post-exclusions” in the supplementary mate-

rials, and provided a table comparing the results with and 

without exclusions in Table S14. 

Replication: Main effects    

We first examined the main effect of each study, examin-

ing classic phenomena in judgment and decision-making. 

In Study 1, we conducted an independent t-test and 

found the framing effect that participants rated the stu-

dents’ performance on exams higher when the results is 

positively framed than that is negatively framed (positive 

framing: M = 0.48, SD = 0.75; negative framing: M = -0.09, 

SD = 1.07; t(858) = 9.12, p < .001, d = 0.62, 95% CI [0.48, 

0.76]). 

In Study 2, we conducted an independent t-test to test 

the frequency-percentage effect. Participants rated the 

higher level of risk under frequency condition than percent-

age condition (frequency: M = 3.03, SD = 1.27; percentage: 

M = 2.58, SD = 1.17; t(858) = 9.12, p < .001, d = 0.37, 95% CI 

[0.23, 0.50]) 

In Study 3, we conducted a one-sample t-test on the 

preference of bowls and found that participants showed a 

stronger preference towards Bowl B-1-10 (t(859) = 20.04, p 

< .001, d = 0.68, 95% CI [0.61, 0.76]). We conclude that we 

failed to find support for previous ratio bias findings which 

showed stronger preference for the suboptimal choice, Bowl 

A-9-100. 

In Study 4, we ran an independent t-test to examine the 

bets effect and found that participants rated higher attrac-

tiveness for the loss bet than the no-loss bet (no loss bet: 

M = 6.22, SD = 4.57; loss bet: M = 9.33, SD = 7.07; t(858) = 

7.66, p < .001, d = 0.52, 95% [0.38, 0.66]), which supported 

the phenomenon. 

Replication: Dichotomized numeracy    

We first conducted statistical analyses that closely fol-

lowed the methods used in the original article which di-

chotomized the continuous measure of numeracy into high 

numerate and low numerate via median split. The median 

of numeracy scores was 10 (mean = 9.69, range = 0-11). 

Therefore, participants whose overall score was 10 and 

above were classified as highly numerate and those whose 

overall score equal to or below 9 were classified as low nu-

merate. We summarized the results of Studies 1, 2, and 4 

in Table 9 and the results of Study 3 in Table 10. Further, 

we provided the descriptives of each subgroup analyzed of 

the following ANOVA tests in the supplementary materials 

(Table S17) to elaborate on the interaction effects. 

In Study 1, we performed a mixed ANOVA and found an 

interaction effect of numeracy on framing effect (F(1, 855) = 

5.02, p = .025, η2p = 0.01, 90% CI [0.00, 0.02]) (Figure 1). The 

effects were rather weak, barely below the pre-registered 

alpha threshold. We concluded support for the hypothesis 

that the less numerate show a stronger framing effect than 

the highly numerate, with weaker effects. 

In Study 2, we conducted a 2-way ANOVA and failed to 

find support for an interaction between numeracy and the 

frequency-percentage effect, with weak effect just above 

the set alpha (F(1, 856) = 3.40, p = .065, η2p = 0.00, 90% CI 

[0.00, 0.01]) (Figure 2). The findings were in the right direc-

tion, and the differences in effect size and p-values between 

our replication of Study 1 and Study 2 are rather minor, so 

we hesitate to conclude one as supported and the other as 

failed, and yet the results did not meet our pre-set crite-

ria, and therefore inconsistent with the hypothesis that the 

less numerate are affected more by the frequency-percent-

age effect than the highly numerate. We will return to this 

in our additional extension analyses. 

In Study 3, we conducted two Chi-squared tests, one 

based on preference of bowl and the other based on the 

forced choice of bowl, to test the association between nu-

meracy and bowl choice. Aforementioned, the original ar-

ticles did not report the method of categorization of bowl 

choices based on the preferences of bowls. Then, we made 

an assumption that the original authors coded participants 

who indicated stronger preference for Bowl A-9-100 (i.e., 

1-6) were coded as having selected Bowl A-9-100 and those 

who indicated preference for Bowl B-1-10 (i.e., 1-6) were 

coded as Bowl B-1-10, with the neutral value (0) neglected. 

We found support for an interaction between numeracy and 

ratio bias, and the result based on the forced choice of bowl 

(χ2(1, N = 860) = 24.91, p < .001, Cramer’s V = 0.17, 95% CI 

[0.10, 0.24]) had a stronger effect than that based on pref-

erence of bowls (χ2(1, N = 789) = 12.53, p < .001, Cramer’s V 

= 0.13, 95% CI [0.06, 0.20]). 

In addition, we conducted independent t-tests on prefer-

ences of bowl and affective variables comparing the two nu-

meracy groups. Participants with high numeracy (M = 3.01, 

SD = 3.50) showed greater preference for Bowl B-1-10 (over 

Bowl A-9-100) than participants with low numeracy (M = 

1.56, SD = 3.89; t(858) = 5.51, p < .001, d = 0.40, 95% CI 

[0.25, 0.54]) (Figure 3). Those with lower numeracy (M = 
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Table 9. Studies 1, 2 and 4: Summary of statistical tests          

F df p η2
p and CI Interpretation 

Study 1 (Mixed ANOVA) 

Numeracy and framing effect 5.02 1, 855 .025 
0.01 
[0.00, 0.02] 

signal 
inconsistent 

smaller 

Study 2 (Factorial ANOVA) 

Numeracy and frequency-percentage effect 3.40 1, 856 .065 
0.00 
[0.00, 0.01] 

no-signal 
inconsistent 

Study 4 (Factorial ANOVA) 

Numeracy and attractiveness of bet 17.87 1, 856 < .001 
0.02 
[0.01, 0.04] 

signal 
inconsistent 

smaller 

Numeracy and affect of bet 9.27 1, 856 .002 
0.01 
[0.00, 0.03] 

signal 
inconsistent 

smaller 

Numeracy and affect precision of bet 0.02 1, 856 .890 
0.00 
[0.00, 0.00] 

no-signal 
consistent 

Note. CI = 90% confidence intervals. The interpretation of outcome is based on LeBel et al. (2019). 

Table 10. Study 3:   Summary of statistical tests     

Low versus high numerate and bowl choice (Bowl A-9-100 and Bowl B-1-10) 

Chi-square test χ2 df p Cramer’s V and CI 

Dichotomized continuous numeracy 12.53 1 <.001 
0.13 
[0.06, 0.20] 

signal 

Dichotomized forced bowl choices 24.91 1 <.001 
0.17 
[0.10, 0.24] 

signal 

Low versus high numerate t df p d and CI Interpretation 

Preference of Bowls 5.51 858 <.001 
0.40 
[0.25, 0.54] 

signal 
inconsistent 

smaller 

Affect for Bowl A-9-100 -4.62 858 <.001 
0.33 
[0.19, 0.48] 

signal 
consistent 

Affect precision for Bowl A-9-100 3.00 858 .003 
0.22 
[0.07, 0.36] 

signal 
inconsistent 

smaller 

Note. CI = 95% confidence intervals. Independent t-test comparing the stated DVs between the high and low numerate split sub-samples. Dichotomized continuous numeracy is cate-

gorized bowl choices according to the preference of bowl. Dichotomized forced bowl choices is the adjusted DV. The interpretation of outcome is based on LeBel et al. (2019). 

-0.48, SD = 1.48) showed higher affect than those with high 

numeracy (M = -0.94 , SD = 1.30; t(858) = -4.62, p < .001, d 

= 0.33, 95% CI [0.19, 0.48]). By contrast, the less numerate 

(M = 4.19, SD = 1.64) had less precise feelings towards Bowl 

A-9-100 than the highly numerate (M = 4.53 , SD = 1.53; 

t(858) = 3.00, p = .003, d = 0.22, 95% CI [0.07, 0.36]). 

Therefore, our findings for Study 3 were consistent with 

the hypothesis that the less numerate make less optimal 

choices in competing affective decisions than the highly 

numerate, with lower affective precision. 

In Study 4, high numerate participants rated the loss bet 

more attractively than no-loss bet (loss bet: M = 10.27, SD 

= 7.21; no-loss: M = 5.95 , SD = 4.47; t(570) = 8.63, p < .001, 

d = 0.72, 95% CI [0.55, 0.90]). By contrast, we found no sup-

port for difference in low numerate participants with much 

weaker effects(loss bet: M = 7.50, SD = 6.44; no-loss: M = 

6.78 , SD = 4.74; t(286) = 1.09, p = .277, d = 0.13, 95% CI 

[-0.10, 0.36]). We conducted a two-way ANOVA and found 

support for an interaction between numeracy and bets ef-

fect with (F(1, 856) = 17.87, p < .001, η2p = 0.02, 90% CI 

[0.01, 0.04]) (Figure 4). 

In addition, the highly numerate rated stronger affect 

towards bets in the loss condition (M = 0.16, SD = 1.83) than 

no-loss condition (M = -0.72 , SD = 1.35; t(570) = 6.62, p 

< .001, d = 0.55, 95% CI [0.38, 0.72]), with no support and 

weaker effects for the low numerate (loss bet: M = -0.18, SD 

= 1.61; no-loss: M = -0.38 , SD = 1.36; t(286) = 1.13, p = .260, 

d = 0.13, 95% CI [-0.10, 0.36]). We analyzed the interaction 

effect between numeracy and affect of bets and the results 

supported the hypothesis that the highly numerate experi-

ence stronger affect in probabilities and numerical compar-

isons than the low numerate (F(1, 856) = 17.87, p < .001, η2p 

= 0.02, 90% CI [0.01, 0.04]). 
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Figure 1. Study 1:   Numeracy and attribute framing     

Figure 2. Study 2:   Numeracy and percentage versus frequency representations of risk         

Concerning the affect precision, both the low numerate 

and highly numerate showed greater affect precision to-

wards loss bet than no-loss bet (low numeracy: t(286) = 

2.59, p < .001, d = 0.31, 95% CI [0.07, 0.54]); high numeracy: 

t(570) = 4.36, p = .010, d = 0.36, 95% CI [0.20, 0.53]). There-

fore, we found no support for an interaction between nu-

meracy and affect precision of bets (F(1, 856) = 0.02, p = 

.890, η2p = 0.00, 90% CI [0.00, 0.00]), consistent with the 

original findings of the target article. 

Extension: Continuous numeracy    

Original numeracy scale    

In Study 1, we found support for stronger association 

between numeracy and ratings of students in the positive 

framing condition (r = -0.10, 95% CI [-0.19, -0.01], p = .036) 

than in the negative framing condition (r = 0.07, 95% CI 

[-0.03, 0.16], p = .177) (Figure 5). We compared the two 
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Figure 3. Study 3:   Numeracy and bowl preference     

Note. Higher score means stronger preference for Bowl B-1-10 over Bowl A-9-100 on a scale of -6 to 6. 

Figure 4. Study 4:   Numeracy and rated attractiveness of a bet with and without loss            

correlations with the tool “cocor” (Diedenhofen & Musch, 

2015) and found support for differences in the strength of 

the two associations (z = -2.49, p = .013). 

In Study 2, we found support for a stronger association 

between numeracy and ratings of risk level in frequency 

condition (r = -0.17, 95% CI [-0.26, -0.07], p < .001) than in 

the percentage condition (r = -0.03, 95% CI [-0.12, 0.07], p 

= .543) (Figure 6). We compared the two correlations using 

“cocor” and found support for differences in the strength of 

the two associations (z = -2.07, p = .039). 

In Study 3, we conducted an independent t-test compar-

ing the numeracy of the two bowl selections. The numer-

acy of participants who selected Bowl A-9-100 (M = 9.05, 

SD = 1.90) was lower than those who chose Bowl B-1-10 
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Figure 5. Study 1:   Numeracy (original numeracy scale) and framing effect        

Figure 6. Study 2:   Numeracy (original numeracy scale) and frequency-percentage effect        

(M = 9.98, SD = 1.39; t(858) = 6.81, p < .001, d = 0.55, 95% 

CI [0.38, 0.72]). We also found support for associations be-

tween numeracy and bowl preference towards Bowl B-1-10 

(r = 0.21, 95% CI [0.14, 0.27], p < .001) (Figure 7), lower af-

fect for Bowl A-9-100 (r = -0.19, 95% CI [-0.25, -0.12], p < 

.001), and higher affect precision for Bowl A-9-100 (r = 0.14, 

95% CI [0.07, 0.20], p < .001). These findings support the as-

sociation between higher numeracy with the more rational 

choice of Bowl B-1-10, and less affect and higher affect pre-

cision in such a competing affective decision paradigm. 

In Study 4, we found support for an association between 

numeracy and attractiveness of the two bets, a negative 

association with the no-loss condition (r = -0.13, 95% CI 

[-0.22, -0.04], p = .006), and a positive association with the 

loss condition (r = 0.21, 95% CI [0.11, 0.30], p < .001; com-

parison the associations: z = -5.03, p < .001) (Figure 8). We 

also found differences in associations between numeracy 
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Figure 7. Study 3:   Numeracy (original numeracy scale) and preference of bowls         

Figure 8. Study 4:   Numeracy (original numeracy scale) and attractiveness of bets         

and affect of bets (z = -3.82, p < .001), but no support for an 

effect regarding affect precision (z = 0.45, p = .654). 

The results of four studies are summarized in Table 11, 

Table 12, and Table 13. 

Extension: Rasch-based numeracy scale     

The results based on Rasch-based numeracy were the 

same as those with original numeracy scale across four 

studies despite slight differences of effect size, and we pro-

vided those details in Tables 11, 12, and 13. 

Extension: Confidence   

We added an extension examining numeric confidence 

and tested the association between objective numeracy and 

numeric confidence with both original numeracy scale and 

rasch-based numeracy scale. The findings were mixed. We 
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Table 11. Studies 1, 2, 3, and 4: Summary of statistical tests           

Original scale Rasch scale 

Study r and CI p 
Spearman’s 

rho 
r and CI p 

Spearman’s 
rho 

1 
Students rating in 
Positive framing 

-0.10 
[-0.19, -0.01] 

.036 -0.11 
-0.12 

[-0.21, -0.02] 
.017 -0.11 

Students rating in 
Negative framing 

0.07 
[-0.03, 0.16] 

.177 0.07 
0.07 

[-0.02, 0.17] 
.134 0.09 

2 
Risk rating in 
Frequency 
condition 

-0.17 
[-0.26, -0.07] 

< .001 -0.12 
-0.17 

[-0.26, -0.08] 
< .001 -0.15 

Risk rating in 
Percentage 
condition 

-0.03 
[-0.12, 0.07] 

.543 -0.02 
0.00 

[-0.09, 0.10] 
.919 -0.03 

3 Bowl preference 
0.21 

[0.14, 0.27] 
< .001 0.22 

0.20 
[0.14, 0.27] 

< .001 0.00 

Affect for Bowl 
A-9-100 

-0.19 
[-0.25, -0.12] 

< .001 -0.17 
-0.20 

[-0.26, -0.13] 
< .001 -0.18 

Affect precision for 
Bowl A-9-100 

0.14 
[0.07, 0.20] 

< .001 0.14 
0.17 

[0.11, 0.24] 
< .001 0.18 

4 No Loss condition 

Attractiveness 
-0.13 

[-0.22, -0.04] 
.006 -0.07 

-0.07 
[-0.16, 0.03] 

.161 -0.03 

Affect 
-0.16 

[-0.25, -0.06] 
.001 -0.12 

-0.09 
[-0.19, 0.00] 

.053 -0.06 

Affect precision 
0.16 

[0.07, 0.25] 
< .001 0.11 

0.15 
[0.05, 0.24] 

.002 0.13 

Loss condition 

Attractiveness 
0.21 

[0.11, 0.30] 
< .001 0.23 

0.21 
[0.30, 0.12] 

< .001 0.22 

Affect 
0.10 

[0.01, 0.20] 
.032 0.14 

0.11 
[0.02, 0.21] 

.020 0.14 

Affect precision 
0.13 

[0.04, 0.22] 
.006 0.09 

0.13 
[0.03, 0.22] 

.010 0.10 

Note. CI = 95% confidence intervals. 

Table 12. Studies 1, 2, and 4: Comparisons of correlations         

Fisher’s z p Interpretation 

Original numeracy scale 

Study 1 Numeracy and framing effect -2.49 .013 signal 

Study 2 Numeracy and frequency-percentage effect -2.07 .039 signal 

Study 4 Numeracy and attractiveness of bets -5.03 < .001 signal 

Numeracy and affect -3.82 < .001 signal 

Numeracy and affect precision 0.45 .654 
no-signal 

consistent 

Rasch-based numeracy scale 

Study 1 Numeracy and framing effect -2.79 .005 signal 

Study 2 Numeracy and frequency-percentage effect -2.51 .012 signal 

Study 4 Numeracy and attractiveness of bets -4.14 < .001 signal 

Numeracy and affect -2.93 .003 signal 

Numeracy and affect precision 0.30 .766 
no-signal 

consistent 
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Table 13. Study 3:   Numeracy and optimal bowl choice      

Independent t-test t df p d and CI Interpretation 

Original numeracy scale 

Bowl Choice 6.81 858 < .001 0.55 [0.38, 0.72] 
signal 

consistent 

Rasch-based numeracy scale 

Bowl Choice 6.59 858 < .001 0.54 [0.37, 0.70] / 

Note. CI = 95% confidence intervals. Independent t-test comparing the numeracy between Bowl A-9-100 and Bowl B-1-10. 

Table 14. Confidence: Summary of correlations with numeracy in Studies 1-4          

Study Original Rasch 

r and CI p 
Spearman’s 

rho 
r and CI p 

Spearman’s 
rho 

1 
Positive framing 
condition 

-0.11 
[-0.20, -0.02] 

.021 -0.12 
-0.10 

[-0.19, -0.01] 
.038 -0.07 

Negative framing 
condition 

-0.03 
[-0.13, 0.06] 

.474 -0.02 
-0.04 

[-0.14, 0.05] 
.376 0.00 

2 Frequency condition 
-0.01 
[-0.10, 0.09] 

.868 0.02 
-0.01 

[-0.10, 0.09] 
.852 0.03 

Percentage 
condition 

-0.01 
[-0.11, 0.08] 

.801 -0.01 
0.00 

[-0.10, 0.09] 
.952 0.03 

3 
0.15 
[0.08, 0.21] 

< .001 < .001 
0.14 

[0.08, 0.21] 
< .001 0.19 

4 No loss condition 
0.10 
[0.01, 0.20] 

.030 0.08 
0.11 

[0.01, 0.20] 
.027 0.10 

Loss condition 
0.05 
[-0.05, 0.14] 

.325 0.03 
0.06 

[-0.03, 0.16] 
.196 0.08 

Note. CI = 95% confidence intervals 

only found support for an association in the positive fram-

ing condition in Study 1 (r = -0.11, 95% CI [-0.20, -0.02], p 

= .021), in Study 3 (r = 0.15, 95% CI [0.08, 0.21], p < .001), 

and in the no-loss bet condition in Study 4 (r = 0.10, 95% CI 

[0.01, 0.20], p = .030) derived from original numeracy scale. 

We also conducted analyses using Rasch-based numeracy 

scale with similar results, detailed in Table 14. 

Assumption checks and non-parametric tests      

We used Levene’s test to check the homogeneity of vari-

ances and the Shapiro-Wilks test to check the normality 

of variables for ANOVA and independent t-test. The ho-

mogeneity and normality were violated primarily because 

of the highly negative skewness of original numeracy scale 

and rasch-based numeracy scale. We first supplemented 

the analyses with a report of Spearman correlations, pro-

vided in the tables alongside correlations. We also con-

ducted non-parametric tests: Aligned Rank Transform 

(ART) (Kay et al., 2021) to supplement the Mixed ANOVA 

(Study 1) and the factorial ANOVA (Study 2 and Study 4), 

and Mann-Whitney U test to supplement the independent 

t-test (Study 3). These robust tests showed similar results 

with comparable conclusions except for Study 2, which 

shifted from just above the threshold to just below the 

threshold (F(1, 856) = 3.40, p = .065, η2p = 0.00, 90% CI 

[0.00, 0.01]; non parametric: F(1,856) = 4.18, p = .04), which 

again shows the issues in the over-reliance on p-values 

threshold as a dichotomy of success/failure decisions. 

We summarized results of robustness check in Table S18 

in the supplementary materials. 

Exploratory analyses: Affect precision for Bowl       

B-1-10 and numeracy scale associations      

We added extra questions for affect and affect precision 

for Bowl B-1-10 in Study 3. We found that participants 

rated more positive affect towards Bowl B-1-10 than for 

Bowl A-9-100 (Bowl B-1-10: M = -0.22 , SD = 1.50; Bowl 

A-9-100: M = -0.78 , SD = 1.38; t(858) = 11.86, p < .001, d = 

0.40, 95% CI [0.33, 0.47]). Participants also showed greater 

affect precision for Bowl B-1-10 than Bowl A-9-100 (Bowl 

B-1-10: M = 4.65 , SD = 1.47; Bowl A-9-100: M = 4.42 , SD = 

1.58; t(858) = 6.09, p < .001, d = 0.21, 95% CI [0.14, 0.28]). 

We examined the associations between the original nu-

meracy scale and the extension rasch-based numeracy scale 

and found that they were strongly correlated (r = 0.83, 95% 

CI [0.81, 0.85], p < .001). 

As we failed to find the support for Study 2 using di-

chotomized numeracy, we ran an additional analysis to ex-

amine possible order effects, with display order as a covari-

ate, and found no support for the interaction (F(1, 855) = 
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Figure 9. Study 1:   Correlation between numeracy and confidence      

Figure 10. Study 2:   Correlation between numeracy and confidence      

3.29, p = .070, η2p = 0.00, 90% CI [0.00, 0.02]). In addition, 

we analyzed Study 2 only when it was the first study dis-

played to the participant, and also found no support for an 

interaction with an even weaker effect than for the whole 

sample (n = 224; F(1, 220) = 0.00, p = .986, η2p = 0.00, 90% 

CI [0.00, 0.00]). This suggests the order is not the reason for 

the failed replication using the dichotomous measure. 

Comparing replication to original findings      

Compared to the original findings (Table S1, S2, and S3 

in the supplementary, Peters et al., 2006, p. 6), our replica-

tion findings based on dichotomous numeracy suggest sup-

port for numeracy as a predictor of framing effect (Study 1), 

ratio bias (Study 3), and bets effect (Study 4). When treat-

ing numeracy as a continuous variable, all four studies (in-
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Figure 11. Study 3:   Correlation between numeracy and confidence      

Figure 12. Study 4:   Correlation between numeracy and confidence      

cluding Study 2’s frequency-percentage effect) could be re-

garded as successful. 

According to the criteria of LeBel et al. (2019) on the 

evaluation of replication results (see Figure S5 and S6), the 

replication effect sizes (i.e., Study 1, 2, and 4) showed sig-

nals and had inconsistent and smaller effects than those re-

ported in the original. We summarize two minor discrepan-

cies: (1) we found no support for numeracy as a predictor of 

frequency-percentage in Study 2 using the dichotomization 

method applied in the original, (2) the highly numerate felt 

more negative about the affectively appealing bowl with 

less favorable objective probabilities (i.e., Bowl A-9-100) 

compared to the low numerate. 

Overall, we conclude this to be a successful replication 

of the target article, yet with much weaker effects than 

those reported by the original, and better aligned results 

when improving on the original’s methods using continu-

ous measures rather than dichotomizing. 
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Discussion  

We conducted a pre-registered replication and extension 

of Peters et al. (2006) with a larger, well-powered, and more 

diverse sample. Our findings mirroring the original’s 

method of dichotomizing numeracy were mostly consistent 

with the original: (1) the highly numerate showed weaker 

framing effect (Study 1), (2) the low numerate participants 

showed stronger preference towards suboptimal choices, 

and showed more positive affect and low affect precision 

about their choices (Study 3), (3) the highly numerate 

showed a stronger bets effect (i.e., larger difference of rated 

attractiveness of bet under no-loss and loss conditions) and 

drew more affect from the less objectively favorable choices 

(Study 4). The findings for numeracy and frequency-per-

centage were weaker, though in the right direction and just 

below our pre-set threshold (Study 2). Our additional ex-

tension analyses using the continuous numeracy measure 

successfully replicated the results of all four original stud-

ies. Therefore, we conclude that our replication was mostly 

successful, with findings in the expected direction, yet with 

weaker effects. Concerning our added extension examining 

confidence, our findings regarding the association between 

objective numeracy and confidence were mixed. 

Replication  

The goal of the project was to assess the replicability of 

the research presented by Peters et al. (2006) in support 

of the interaction effects between numeracy and four de-

cision-making paradigms. We first demonstrated support 

for three of the four classic effects: We showed a main 

effect for the framing effect, frequency-percentage effect, 

and bets effect, yet failed to show support for the ratio bias. 

That we were able to find numeracy as a predictor of ra-

tio bias suggests that the bias is sensitive to the popula-

tion and that factors such as sample numeracy impacted re-

sults. Our sample generally showed high numeracy, which 

may have resulted in weaker ratio bias effects. Also, our ex-

ploratory analysis of Bowl B-1-10 revealed that participants 

expressed more positive affect towards the optimal choice 

(Bowl B-1-10) rather than the non-optimal choices (Bowl 

A-9-100), as suggested by the dual process model. Bour-

din and Vetschera (2018) discussed the situations that ratio 

bias phenomena may occur and found that it happens more 

frequently for low probabilities. However, the ratios they 

manipulated were more complex and required extra mental 

calculations compared to our target’s paradigm (e.g., 1:9 vs. 

9:90, and 1:9 vs. 8:91). It is possible that such ratios would 

show stronger effects, impacting the affective understand-

ing of numbers. If that were the case, then those with lower 

numeracy would rely more on absolute numbers, which are 

more readily available. The scenario that we used might not 

be challenging enough, and therefore unable to serve as an 

affective hit to decision making. 

That we failed to detect numeracy as a predictor of fre-

quency-percentage effect using the original’s method of di-

chotomizing was inconsistent with the target’s findings and 

other previous studies (e.g., Dickert et al., 2011; Hill & 

Brase, 2012), though it is reassuring that we found support 

for the effect using the more accurate continuous method. 

One likely possible explanation is that the dichotomization 

of numeracy leads to the loss of power, as we noted in our 

discussion of the target’s methodological weaknesses, and 

that given the weaker effects we needed a larger sample. 

Extensions  

Analyses Using Continuous Numeracy and the       

Rasch-based Numeracy Scale    

We successfully replicated the original findings when we 

treated numeracy as a continuous variable, including Study 

2 and affect for Bowl A-9-100 in Study 3. The results based 

on the rasch-based numeracy scale were consistent with 

those drawn on the original numeracy scale, which pro-

vided additional robust evidence to our findings. In future 

studies of numeracy and decision-making, we strongly rec-

ommend conducting continuous measure analyses. Given 

that the two numeracy scales showed comparable results, 

we consider either one or both to be good options. 

Confidence  

We ran extensions examining the relationship between 

objective numeracy and numeric confidence under specific 

conditions, and discovered three significant results with 

small effects. Therefore, we take our mixed findings as an 

indicator that such a relationship is not consistent or ro-

bust. It is possible that our single item question measuring 

confidence should be better validated or was not compre-

hensive enough to measure participants’ confidence re-

garding engaging with and processing numeric informa-

tion. We recommend more work to construct and test 

well-validated questions. For instance, Peters et al. (2019) 

selected the first four items from the subjective numeracy 

scale (Fagerlin et al., 2007) to measure numeric confidence 

(e.g., “How good are you at calculating 15% tip?”). In addi-

tion, Peters and Shoots-Reinhard (2022) suggested in their 

latest paper that numeric confidence is associated with per-

sistence of choices being made and emotional reactions 

from experienced difficulty. Future studies could underline 

such measurement of variables. Another likely possibility 

is that numeracy and confidence are simply different con-

structs that capture different aspects of decision-making 

abilities which impact decision-making in different ways. 

Future studies can build on our data and initial investiga-

tion to examine the associations between confidence and 

decision-making biases and heuristics, and relate those to 

the literature on overconfidence, underconfidence, and the 

need for accuracy and calibration. 

Limitations and Future Directions     

As with all studies, several limitations should be ad-

dressed in future research. We initially set out to examine 

whether our participants were familiar with the very com-

mon decision-making paradigms and use that as an ex-

clusion criteria. When analyzing the results, we realized 

the problem with this approach as the number of partic-
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ipants who indicated familiarity with the paradigm was 

much higher than we anticipated. Though we find support 

for the target’s findings regardless of, it is possible that this 

resulted in the much weaker effects. 

The first limitation is that our questions regarding fa-

miliarity (i.e., familiarity of scales and scenarios) were too 

ambiguous. Reviewing the feedback given by participants, 

some of them were confused about the meaning of famil-

iarity. For instance, several participants perceived the un-

derstanding of questions as familiarity, rather than our in-

tent in assessing whether they have seen those before, had 

experienced with similar decisions in real-life, or already 

know the right answer to the paradigm. This likely resulted 

in many of the participants being flagged for possible ex-

clusion despite them not knowing the paradigms, which 

meant a severe loss of power and difficulty of detecting ef-

fect sizes for the post-exclusion analyses. However, when 

we compared the effects of pre and post exclusions, the ef-

fects were overall much stronger before exclusions, which 

may indicate that familiarity - at least in how we measured 

it - does not necessarily weaken the effects. This is an em-

pirical question that should be examined in future studies 

using large samples, and we therefore hesitate against rec-

ommending excluding all participants who indicate know-

ing the paradigm. Instead, familiarity or experience with 

the paradigm can be considered as a possible moderator. 

The high rate of indicated familiarity might also have 

to do with our target sample of highly experienced MTurk 

workers, a point that was raised in our Stage 1 review 

process. A large proportion of individuals indicated famil-

iarity with the numeracy scales (56.2% for original numer-

acy scale and 63.4% for rasch-based numeracy scale), and 

given the popularity of these scales and MTurk workers ex-

perience with online studies, it is possible that they have 

indeed come across some of those scales before. 

Moreover, the results of both numeracy scales were not 

normally distributed. The non-normal distribution of the 

original numeracy scale has been discussed by Weller et 

al. (2013), and they developed the rasch-based numeracy 

scale to avoid such statistical violation. However, the rasch-

based scale appears to have been as easy as the original nu-

meracy scale for our sample. Therefore, we conclude that 

future studies would need to take into account much a 

larger sample size and exclusion rates than we anticipated, 

as well as considering employing alternative numeracy 

scales, or to test for sample naivete. 

Another methodological issue we faced was that we set 

our question validation for certain questions as too strict, 

without sufficient instructive instructions. For instance, the 

answer to Question 3 in the original numeracy scale should 

be 0.1% and we allowed only decimal input. However, sev-

eral participants failed to input 0.001, which confused them 

about whether they gave a correct answer. Such issues 

should be noted in future studies with Qualtrics or other 

online questionnaire platforms, to be mindful of all the 

likely options of how participants may perceive the ques-

tion or use the answer field. 

Another obvious limitation with running studies online 

is the inability to completely prevent participants from us-

ing online shortcuts or calculators to answer numerical 

questions. We tried to address that best we could with a 

warning, and asking participants to pledge not doing so, 

and we relied on the participants’ built-in incentives to fin-

ish the survey quickly to get paid, hoping that they would 

prefer to answer intuitively and fast rather than take the 

more lengthy and costly process of looking up answers. 

Similar studies done online may consider implementing ex-

tra measures with scripts that detect whether the partic-

ipant has left the survey window, and take response time 

into account, to address possible issues. 

To conclude, we were able to find support for the target’s 

findings despite all those limitations, and this is an indi-

cation of robust findings. Our weaker effects may well be 

attributed to some of these limitations, and it is possible, 

and likely, that a more tightly controlled study would yield 

larger effects. Future studies can now use our materials to 

design stronger studies in the future. 
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Details are reported in the exclusions section of this document 

Variables Reporting 

All variables collected for this study are reported and included in the provided data.  

  



Peters et al 2006: Replication and extensions (supplementary) 4 
 

 

Analysis of the Original Article 

Original Article Methods 

Experimental Design  

Study 1 

Study 1 used 2 between (High numeracy vs. Low numeracy x 2 within (Positive framing vs. 

Negative framing) x 5 within (five students’ scores) mixed-ANOVA. The study tested the 

association between numeracy and framing effect. 

Study 2 

Study 2 used factorial ANOVA, 2(High numeracy vs. Low numeracy) * 2(Frequency vs. 

Percentage) to examine the relationship between numeracy and frequency-percentage effect. 

Study 3 

Study 3 used the chi-square test for the bowl choice (Bowl A-9-100 or Bowl B-1-10) between 

high numeracy and low numeracy. Then it used the independent t-test to compare numeracy 

(high vs. low) and bowl preference, affect precision and affect respectively.  

Study 4 

Study 4 used the factorial ANOVA, 2(High numeracy vs. Low numeracy) * 2(No loss vs. 

Loss). It also used the independent t-test to compare both affect and attractiveness of bet of 

the high numerate under loss and no loss conditions. In addition, it also uses independent t- 

tests to compare both affect and affect precision of high numeracy and low numeracy under 

the no-loss condition.  
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Original Article Results  

Sample Size 

Please see the summary of sample size of the original article in Table 1 in the main 

manuscript. Sample exclusion was not reported in the original article. 

Major Findings 

Please see the summary of major findings of four studies in Table S1, S2 and S3. 

Table S1 

Studies 1 and 2: Summary of results  

Statistical 
Tests 

Conditions M SD df F p η2 

Mixed 
ANOVA 

Numeracy 
and frame 
effect 

/ / 1, 96 5.6 < .05 0.11 

Two-way 
ANOVA 

Numeracy 
and 
frequency-
percentage 
effect 

/ / 1,42 4.0 < .05 0.42 

Note. M = Mean, SD = standard deviation. 
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Table S2 

Study 3: Summary of results  

Statistical 
Tests 

Condition
s 

M SD df χ²/ t p d 

Chi-
square 

Numeracy 
and Bowl 
choice 

/ / 1 5.2 < .05 / 

Independ
ent t-test 

Numeracy 
and Bowl 
preference 

Low numerate: 
1.7  
High numerate: 
4.1 

/ 44 -2.5 < .05 0.75 

Independ
ent t-test 

Numeracy 
and affect 

Low numerate: -
0.5 
High numerate: -
1.1 

/ 44 N/A .13 0.46 

Independ
ent t-test 

Numeracy 
and affect 
precision 

Low numerate: 
3.7 
High numerate: 
5.0 

/ 44 -2.6 < .01 0.78 

Note. M = Mean, SD = standard deviation. 
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Table S3 

Study 4: Summary of results 

Statistica
l Tests 

Conditions M SD df t/F p d 

Independ
ent t-test 

High 
numeracy 
and 
attractivene
ss under 
loss/no loss 
conditions 

/ / 89 3.1 < .01 N/A 

Independ
ent t-test 

Numeracy 
and affect 
under no-
loss 
condition 

Low 
numer
ate: -
0.6 
High 
numer
ate: 
0.0 

/ 169 2.7 <.01 0.44 

Independ
ent t-test 

Numeracy 
and affect 
precision 
under no-
loss 
condition 

Low 
numer
ate: 
3.9 
High 
numer
ate: 
4.5 

/ 149 2.4 < .05 0.38 

Independ
ent t-test 

High 
numeracy 
and affect 
under 
loss/no loss 
condition 

Loss:1
.No 
loss: 9 
1.3 

/ 89 2.3 < .05 0.47 

Two-way 
ANOVA 

Numeracy 
and 
attractivene
ss 

/ / 1, 169 8.0 < .01 / 

Two-way 
ANOVA 

Numeracy 
and affect 

/ / 1, 169 7.2 < .01 / 

Note. M = Mean, SD = standard deviation. 

Effect Size Calculations of the Original Study Effects 

Please see the Rmarkdown code and output provided in the OSF folder:  
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Peters et al 2006-rep-ext-es-power-analysis.Rmd/html 

 

Power Analysis of Original Study Effect to Assess Required Sample for Replication 

Please see the Rmarkdown code and output provided in the OSF folder:  

Peters et al 2006-rep-ext-es-power-analysis.Rmd/html 

 

Figure S1 

The GPower input and output for the mixed ANOVA between numeracy and framing effect in 

Study 1 
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Figure S2 

The GPower input and output for the factorial ANOVA between numeracy and frequency-

percentage effect in Study 2 
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Figure S3 

The GPower input and output for the factorial ANOVA between numeracy and attractiveness 

of bet in Study 4 
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Figure S4 

The GPower input and output for the factorial ANOVA between numeracy and affect in Study 

4
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Comparison between original paper and materials authors provided 

The authors indicated the materials were lost to time, but emailed us a list of materials of 
experiments from follow-up research. While using these for reproduction we realized that the 
contents deviated from the descriptions in the article. We therefore summarized the 
differences in Table below. 

We are grateful for the authors’ support of our project. 

 

Table S4 

Comparison between original paper and materials authors provided 

Study 
Descriptions from 
original paper 

Materials from author Deviations 

1 N/A Not sent N/A 

2 N/A Not sent N/A 

3 

Question of choice of 
bowl (inferred from 
Chi-square test) 
 
Question of bowl 
preference 
 
Question of affect and 
affect precision 

Question of bowl preference 
 
Questions of affect and affect 
precision 
 

No question of direct 
choice of Bowl  

4 

Scenario description: 
You will win nothing 
 
21-point scale on 
rating attractiveness 
from “Not at all 
attractive” (0) to 
“Extremely attractive” 
(21) 

Scenario description: 
You will lose nothing 
 
8-point scale on rating 
attractiveness from “Not at all 
attractive a bet” (1) to 
“Extremely attractive a bet” (7) 
 

Scenario description 
 
 
 
Scale on rating 
attractiveness 
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Materials and scales used in the replication + extension experiment 

Procedure 

1. Participants were recruited using the Amazon Mechanical Turk platform using 

CloudResearch. 

2. Participants indicated agreement to consent form. 

3. Participants read an overview of the experiment and warned about not looking for 

answers. 

4. Participants answered the dependent variables of Studies 1, 2, 3, and 4 in random 

order. 

5. Except for Study 3, participants were randomly assigned to one of two conditions and 

asked to complete the questions. 

6. Participants completed two numeracy scales in a random order (original and 

extension) and answered a question whether they used external aids. 

7. Participants answered three funneling questions about their seriousness towards the 

survey, conjecture of study purpose and provision of any feedback to the study. 

8. Participants provided demographics (age, gender, place of birth, current residence, 

social class and engunder). 

9. Participants rated the satisfaction with the pay offered for this task. 

10. Finally, participants were debriefed. 

Instructions and experimental material 

Consent form 

This study is conducted by Gilad Feldman of the psychology department at University of 

Hong Kong and colleagues. If you have questions or concerns regarding this project, please 

do not hesitate to contact Gilad Feldman gfeldman@hku.hk at any time. 

  

Purpose of the study  

To understand how people think, feel, make decisions, and act in various types of situations. 

Preferences and individual differences between people, as well as both internal and external 

factors, may affect these types of responses and this research intends to uncover and/or 

understand these processes.  

  

Procedures. 

This study will ask you to complete a set of questionnaires requiring decision making in 

various scenarios. The duration of this study has been indicated on the task that you accepted. 

  

Potential risks. 

This procedure has no known risks greater than those of ordinary daily life.  

  

Potential benefits. 

This study aims to add to existing research lines in the field of social-cognitive-personality 

psychology. We also hope that this study can provide you with a learning experience of 

participating in psychological research and possibly learning more about yourself and your 

beliefs, evaluations, preferences, personality, etc.. 
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Compensation. 

Compensation is offered through the online platform. The level of compensation has been 

indicated on the task that you accepted. 

  

Confidentiality. 

Your questionnaire responses are anonymous and strictly confidential. No personal identifiers 

are kept. Information obtained will only be used as aggregates for research purposes. 

  

Participation and withdrawal. 

Your participation is voluntary. This means that you can choose to stop at any time without 

negative consequences. If at any time you wish to withdraw, please simply indicate eight 

zeros as your completion code, and you will receive compensation regardless.  

   

Questions and concerns 

If you have any questions about the research, please feel free to contact Gilad Feldman at the 

University of Hong Kong (gfeldman@hku.hk). If you have questions about your rights as a 

research participant, contact the Human Research Ethics Committee, HKU (+852 2241-

5267). EA210265 

  

Please print a copy of this consent form for your records, if you so desire. 

 

Study outline 

This survey involves decision-making tasks. You will be asked to complete four tasks, then 

two short scales. After that, there are brief feedback and demographics questions.  

For opinion related questions - There are no “right” or “wrong” opinion answers, so please 

state your opinion as honestly as possible. Thank you for your cooperation. 

 

Warning about not looking for answers 

Your statistical gut intuitions 

 

In this study we will present you with various decisions and problems that require your 

statistical gut intuitions. 

  

Important: This study only aims to test your statistical intuitions, not to test accuracy. We 

therefore ask that you please do not look for the answers to any of these problems, but rather 

answer based on what you know and think right now. 

 

All answers are unidentified and anonymous, and are only used as aggregates for research to 

try and understand people's statistical intuitions. 

 

To ensure that you understand the guidelines of not looking up answers to these questions, we 

ask that you please write down (or copy-paste) the following sentence to the text field below 

(not case sensitive) 
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I pledge to not search for answers to presented questions, and only answer based on my own 

knowledge and intuitions 

Study 1 Experimental condition: Positive framing condition 

 

Instructions:  

Evaluating exam scores 
Below are the exam scores of five psychology students. 
Please rate each student’s quality of work on a 7-point scale from "Very poor" (-3) to "Very 
good" (3) 
 
Dependent variables: 

a. Emily received 74% correct on her exam. 
b. Jack received 78% correct on his exam. 
c. Emma received 82% correct on her exam. 
d. Oliver received 70% correct on his exam. 
e. Sophia received 66% correct on her exam. 

 
Extension question : 

a. You gave the following ratings: 
(scale: -3 = Very poor, 0 = Neutral, 3 = Very good) 
  
[Selected Choice] for Emily (74% correct) 
[Selected Choice] for Jack (78% correct) 
[Selected Choice] for Emma (82% correct) 
[Selected Choice] for Oliver (70% correct) 
[Selected Choice] for Sophia (66% correct) 
 
How confident are you that you made an accurate assessment of the five students? 

 

Study 1 Experimental condition: Negative framing condition 

Instructions:  
Same as positive framing condition 
 
Dependent variables : 

a. Emily received 26% incorrect on her exam. 
b. Jack received 22% incorrect on his exam. 
c. Emma received 18% incorrect on her exam. 
d. Oliver received 30% incorrect on his exam. 
e. Sophia received 34% incorrect on her exam. 

 
Extension question: 

a. You gave the following ratings: 
(scale: -3 = Very poor, 0 = Neutral, 3 = Very good) 
  
[Selected Choice] for Emily (26% incorrect) 
[Selected Choice] for Jack (22% incorrect) 
[Selected Choice] for Emma (18% incorrect) 
[Selected Choice] for Oliver (30% incorrect) 
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[Selected Choice] for Sophia (34% incorrect) 
 
How confident are you that you made an accurate assessment of the five students? 

 

Study 2 Experimental condition: Frequency condition 

Instructions: 
Estimating harm 
 
In this study, please imagine the below scenario: 
  
A patient – Mr. James Jones – has been evaluated for discharge from an acute civil mental 
health facility where he has been treated for the past several weeks. 
  
A psychologist whose professional opinion you respect has done a state-of-the-art assessment 
of Mr. Jones. Among the conclusions reached in the psychologist’s assessment is the 
following:  
  
Of every 100 patients similar to Mr. Jones, 10 are estimated to commit an act of violence to 
others during the first several months after discharge. 
 
Dependent variable : 

a. Please rate the level of risk that Mr. Jones would harm someone. 
 
Extension questions: 

You rated the risk level of Mr. Jones: [Selected Choice] 
(scale: 1 = Low risk, 6 = High risk). 
 

a. How confident are you that made an accurate risk assessment? 
b. Are you familiar with this scenario? 

 

Study 2 Experimental condition: Percentage condition 

Instructions: 
Estimating harm 
 
In this study, please imagine the below scenario: 
  
A patient – Mr. James Jones – has been evaluated for discharge from an acute civil mental 
health facility where he has been treated for the past several weeks.  
  
 A psychologist whose professional opinion you respect has done a state-of-the-art 
assessment of Mr. Jones. Among the conclusions reached in the psychologist’s assessment is 
the following:  
  
Of every 100 patients similar to Mr. Jones, 10% are estimated to commit an act of violence to 
others during the first several months after discharge.  
  
Dependent variable:  

a. Please rate the level of risk that Mr. Jones would harm someone. 
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Additional questions: 
a. You rated the risk level of Mr. Jones: [Selected Choice] 

(scale: 1 = Low risk, 6 = High risk). 
 

How confident are you that made an accurate risk assessment? 
b. Are you familiar with this scenario? 

 

Study 3 Experiment condition 

Instructions: 
Jellybean bowls 
 
Bowl A has 100 jellybeans, and Bowl B has 10 jellybeans.  
  
Please imagine that once you have selected a bowl, it will be placed behind a screen, the 
experimenter will mix up the jellybeans randomly, and then you will reach around the screen 
(without looking at the bowl) and select a bean.  
  
Imagine that if you select a colored bean, you will WIN $5. 
Would you prefer to pick from bowl A or bowl B? 
 

  
  
  
Dependent variables:   

a. Which bowl would you prefer to choose from? 
b. If you were forced to choose, which bowl would you prefer to choose from? 
c. How clear a feeling do you have about the goodness or badness of Bowl A’s 9% 

chance of winning? 
d. How good or bad does Bowl A’s 9% chance of winning make you feel? 

 
Additional questions: 

a. How clear a feeling do you have about the goodness or badness of Bowl B’s 10% 
chance of winning? 

b. How good or bad does Bowl B’s 10% chance of winning make you feel? 
 

c. You selected [Selected Choices], and gave the following ratings: 
[Selected Choices] for the preference of Bowl A or Bowl B (scale: -6 = Strong 
preference about Bowl A, 6 = Strong preference about Bowl B) 
[Selected Choices] for how clear the feeling about Bowl A's 9% chance of winning 
(scale: 0 = Completely unclear, 3 = Neutral, 6 = Completely clear) 
[Selected Choices] for how clear the feeling about Bowl B 10% chance of winning 
(scale: 0 = Completely unclear, 3 = Neutral, 6 = Completely clear) 
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[Selected Choices] for how good or bad about Bowl A's 9% chance of winning (scale: 
-3 = Very bad, 0 = Neutral, 3 = Very good) 
[Selected Choices] for how good or bad about Bowl B's 10% chance of winning 
(scale: -3 = Very bad, 0 = Neutral, 3 = Very good) 
 
How confident are you that made an optimal selection between Bowl A and Bowl B? 

d. Are you familiar with this question? 
 

Study 4 Experiment condition: No loss Condition 

Instructions:  
Will you take the bet? 
 
We are interested in how attractive the prospect of playing the following bet is to you.  
  
7/36 to win $9: 
This means that there is a 7 out of 36 chance that you will win the bet and receive $9 and 
there is a 29 out of 36 chance that you will win nothing. 
  
Here is a visualized roulette wheel with 36 numbers along the circumference. If a ball lands 
on any of the 7 numbers between 1 and 7 inclusive, you win $9. If it lands on 8-36, you win 
nothing. 

 
 

Dependent variables: 
a. Please indicate your opinion of this bet’s attractiveness. There is no right or wrong 

answer, we are interested only in your opinion about the attractiveness of playing the 
bet. 

b. How clear a feeling do you have about the goodness or badness of the bet? 
c. How good or bad does the bet make you feel? 

 
Additional questions: 

a. You gave the following ratings: 
 
[Selected Choice] for bet's attractiveness (scale: 0 = Not at all attractive bet, 20= 
Extremely attractive bet) 
[Selected Choice] for how clear a feeling about the bet (scale: 0 = Completely 
unclear, 3 = Neutral, 6 = Completely clear) 
[Selected Choice] for how good or bad feel the the bet (scale: -3 = Very bad, 0 = 
Neutral, 3 = Very good) 
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How confident are you that made an accurate assessment of the bet's attractiveness? 
b. Are you familiar with this scenario? 

 

Study 4 Experiment condition: Loss Condition 

Instructions 
Will you take the bet? 
 
We are interested in how attractive the prospect of playing the following bet is to you.  
  
7/36 to win $9 29/36 to lose 5¢: 
This means that there is a 7 out of 36 chance that you will win the bet and receive $9 and 
29 out of 36 chance that you will lose 5¢. 
 
Here is a visualized roulette wheel with 36 numbers along the circumference. If a ball lands 
on any of the 7 numbers between 1 and 7 inclusive, you win $9. If it lands on 8-36, you lose 
5¢. 

 
 

Dependent variables: 
a. Please indicate your opinion of this bet’s attractiveness. There is no right or wrong 

answer, we are interested only in your opinion about the attractiveness of playing the 
bet. 

b. How clear a feeling do you have about the goodness or badness of the bet? 
c. How good or bad does the bet make you feel? 

 
Additional questions: 

a. You gave the following ratings: 
 
[Selected Choice] for bet's attractiveness (scale: 0 = Not at all attractive bet, 20= 
Extremely attractive bet) 
[Selected Choice] for how clear a feeling about the bet (scale: 0 = Completely 
unclear, 3 = Neutral, 6 = Completely clear) 
[Selected Choice] for how good or bad feel the the bet (scale: -3 = Very bad, 0 = 
Neutral, 3 = Very good) 
 
How confident are you that made an accurate assessment of the bet's attractiveness? 

b. Are you familiar with this scenario? 
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Numeracy scale from original paper (Lipkus et al., 2001) 

Instructions: 

Statistical intuitions 

 

Below are 14 questions presenting various decisions and problems that require your statistical 

gut intuitions. Please answer the question with a number (i.e., integer or decimal) where 

required. 

  

Dependent variables: 

a. Q1: Imagine that we roll a fair, six-sided die 1000 times. Out of 1000 rolls, how many 

times do you think the die would come up even (2, 4, or 6)? (Please input an integer) 

 

b. Q2: In the BIG BUCKS LOTTERY, the chances of winning a $10 prize are 1%. What 

is your best guess about how many people would win a $10 prize if 1000 people each 

buy a single ticket from BIG BUCKS? (Please input an integer) 

 

c. Q3: In the ACME PUBLISHING SWEEPSTAKES, the chance of winning a car is 1 

in 1000. What percent of tickets of ACME PUBLISHING SWEEPSTAKES win a 

car? (Please input a decimal) 

 

d. Q4: Which of the following numbers represents the biggest risk of getting a disease? 

1 in 100 

1 in 1000 

1 in 10 

 

e. Q5: Which of the following represents the biggest risk of getting a disease? 

1% 

10% 

5% 

 

f. Q6: If Person A’s chance of getting a disease is 1% in ten years, and Person B’s risk 

is double that of A, what is B’s risk of getting a disease in ten years? (Please input an 

integer) 

 

g. Q7: If Person A’s chance of getting a disease is 1 in 100 in ten years, and Person B’s 

risk is double that of A, what is B’s risk (i.e, X in 100) of getting a disease in ten 

years? (Please input an integer) 

 

h. Q8A: If the chance of getting a disease is 10%, how many people would be expected 

to get the disease out of 100? (Please input an integer) 

 

i. A8B: If the chance of getting a disease is 10%, how many people would be expected 

to get the disease out of 1000? (Please input an integer) 

 

j. Q9: If the chance of getting a disease is 20 out of 100, this would be the same as 

having a ____% chance of getting the disease. (Please input an integer) 
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k. Q10: The chance of getting a viral infection is .0005. Out of 10,000 people, about 

how many of them are expected to get infected? (Please input an integer) 

 

Additional questions: 

a. Have you ever come across any of the questions presented to you on this page? 

If yes, You indicated you came across these questions before. Please briefly indicate 
where... 
 

Rasch-based numeracy scale developed by Weller et al. (2011) 

Instructions: Same as Numeracy scale in original paper 
Dependent variables : 

a. Q6: A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How 

much does the ball cost? (in dollars) (Please input a decimal) 

 
b. Q7: In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it 

takes 48 days for the patch to cover the entire lake, how long would it take for the 
patch to cover half of the lake? (Please input an integer) 

 
c. Q8: Suppose you have a close friend who has a lump in her breast and must have a 

mammogram.  
 
Of 100 women like her, 10 of them actually have a malignant tumor and 90 of them 
do not. Of the 10 women who actually have a tumor, the mammogram indicates 
correctly that 9 of them have a tumor and indicates correctly that 1 of them does not 
have a tumor. Of the 90 women who do not have a tumor, the mammogram indicates 
correctly that 81 of them do not have a tumor and indicates incorrectly that 9 of them 
do have a tumor.  
 
The table below summarizes all of this information. Please Imagine that your friend 
tests positive (as if she had a tumor), what is the likelihood (i.e., X %) that she 
actually has a tumor? (Please input an integer) 

 
  
Additional questions : 

a. Have you ever come across any of the questions presented to you on this page? 

If yes, You indicated you came across these questions before. Please briefly indicate 
where... 
 
Note: The questions: Q1, Q2, Q3, Q4, Q5 of rasch-based numeracy scale are the same as the 
questions Q1, Q2, Q3, Q8B, Q9 of numeracy scale in the original paper. 
 

Exclusion for numeracy measurement 

Instructions: 
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Our research depends on you using your intuition to answer our questions, so it is very 
important for us to know: Did you look up any questions? Did you use any aid to answer 
these questions? 
  
You will be paid regardless, and there is no penalty, but for the sake of the accuracy of our 
research, we need to know. 
 
Question: 

a. I did NOT use any aids in answering this survey. 
b. I DID use external aids to answer this survey 

 

Funnelling section and Demographic section 

Instructions: 

Thank you, you completed the survey. A few quick final questions (3 on this page) and 

demographics (6 questions in the next page)... 

Three funneling questions: 

a. How serious were you in filling out this questionnaire? (1 = Not at all, 5 = Very 
much) 

b. What do you think the purpose of the study was? (one sentence) 
c. Help us improve for the next studies - Did you spot any errors? Anything missing or 

wrong? Something we should pay attention to in next runs? (briefly) 

Six Demographic questions: 

a. How old are you? 
b. Please indicate your gender (Male/Female/Other/Rather not disclose) 
c. Which country are you originally from? (country of birth) 
d. In which country are you currently residing? 
e. Please estimate your family's social class (Lower class/Working class/Lower middle 

class/Middle class/Upper middle class/Upper class) 
f. How would you generally rate your understanding of the English used in this study? 

(Very bad/Bad/Poor/Neither good nor bad/Fair/Good/Very good) 

 

Debriefing section 

Instructions: 
We would like to thank you for taking part and hope you found it interesting. 

The experiments in which you participated today were designed to examine how personal and 

environmental factors may affect human cognition and decision making. In psychology, it has 

been known that information can affect person’s behavior to a certain extent and that 

individual differences affect behavior. The purpose of the study was to know how exposure 

to stimuli and certain individual differences affect decision making and behavior. 

It's important to note that all of the information that was collected today will be kept in 

complete confidentiality and there will be no attempt or interest in connecting your provided 

personal information with your responses. This data will be used for research purposes alone 

and not shared or reported to anyone. We are not interested in any one participant’s responses 
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by themselves. Rather, we are interested in the general responses of all participants when they 

are combined together. 

We ask that you please do not share the details of this study with anyone because they may be 

potential participants and knowing the purpose of the study beforehand may affect the results. 

Thank you very much for your participation. 

If you would like information about the results, or have further questions for us, please 

contact Gilad Feldman gfeldman@hku.hk at any time. You can also read more about Gilad's 

research in his website. 

 

Scales used in the experiments 

Study 1:  

a. Rating for students’ performance from "very poor" (-3) to "very good" (3) 
Study 2: 

a. Rating for risk level ranges from “low risk” (1) to “high risk” (6) 

Study 3: 

a. Rating for preferences of bowls ranges from “Strong preference for Bowl A”(6) to 

“Strong preference for Bowl B”(6)  

b. Rating for affect precision (“how clear a feeling…”) ranges from “completely 

unclear” (0) to completely clear (6) 

c. Rating for affect (“how good or bad…”) ranges from “very bad”(-3) to “very 

good”(+3) 

Study 4:  

a. Rating for attractiveness of bet ranges from “Not at all attractive bet”(0) to 

“Extremely attractive”(20) 

b. Rating for affect precision (“how clear a feeling…”) ranges from “completely 

unclear” (0) to completely clear (6) 

c. Rating for affect (“how good or bad…”) ranges from “very bad”(-3) to “very 

good”(+3) 

Extension: Confidence questions in all four studies range from “not at all confidence”(0) to 

“Very confidence”(6) 

Answer of Numeracy scales 

Numeracy Scale in original article (Lipkus et al., 2001) 

Q1: 500 out of 1000 

Q2: 10 people out of 1000 

Q3: 0.1% 

Q4: 1 in 10 

Q5: 10% 
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Q6: 2% 

Q7: 2 out of 100 

Q8A: 10 

Q8B: 100 

Q9: 20 

Q10: 5 

Rasch-based numeracy Scale (Weller et al., 2011) 

Answers of Q1(Q1), Q2(Q2), Q3(Q3), Q4(Q8B), Q5(Q9) are shown above. 

Q6: 5 cents 

Q7: 47 days 

Q8: 9 out of 100 

 

Exclusion criteria 

Generalized exclusion criteria 

General criteria:  

1. Participants indicating a low proficiency of English (self-report < 5, on a 1-7 
scale) 

2. Participants who self-report not being serious about filling in the survey (self-
report < 4, on a 1-5 scale). 

3. Participants who failed to complete the survey. (duration = 0, leave question 
blank) 

4. Participants not from the US. 

Specific criteria 

1. Participants answer “yes” in “Have you ever come across any of the questions 

presented to you on this page?” at the end of original numeracy scale. The whole 

responses will be excluded. 

2. Participants answer “I DID use external aids to answer this survey” after the 

completion of two numeracy scales. The whole responses will be excluded. 

3. Participants who answer “yes” in “Have you ever come across any of the 

questions presented to you on this page?” at the end of the Rasch-based numeracy 

scale. The responses of this numeracy scale will be excluded. 

4. Participants answer “yes” in familiarity questions in study 2. The responses of 

Study 2 will be excluded. 

5. Participants answer “yes” in familiarity questions in study 3. The responses of 

Study 3 will be excluded. 
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6. Participants answer “yes” in familiarity questions in study 4. The responses of 

Study 4 will be excluded.  

 

Handling outliers: Strategy  

Outlier handling strategy followed the recommendations by Leys et al. (2019). The median 

absolute deviation (MAD) was used to detect univariate outliers. After the detection, we 

found 41 outliers in the original numeracy scale and 20 outliers in the rasch-based numeracy 

scale. In detail, the score of the original numeracy scale smaller than 6.08 were outliers and 

that of the rasch-based numeracy scale smaller than 4.2 were outliers. However, we are 

determined to keep them as they rightfully belong to the distribution of interest despite the 

increase of variances and decrease in statistical power. In addition, it is informative that a 

small part of participants would achieve relatively low numeracy scores.  
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Comparisons and deviations 

Overview of post-exclusions 

The number of excluded participants for each exclusion criterion is summarized in Table 

Table S5 and the number of participants after exclusion in each study is summarized in Table 

S6.  

Table S5 

Summary of participants fulfilling the exclusion criteria 

Exclusion criteria 
Number of excluded 
participants 

General criteria 1 
(Low proficiency of English) 

6 

General criteria 2 
(Low seriousness of the study) 

6 

General criteria 3 
(Failed completion of study) 

0 

General criteria 4 
(Not US participants) 

0 

Specific criteria 1  
(Familiarity of original numeracy scale) 

483 

Specific criteria 2 
(Usage of external aids) 

9 

Specific criteria 3 
(Familiarity of rasch-based numeracy scale) 

545 

Specific criteria 4 
(Familiarity of scenario in Study 2) 

225 

Specific criteria 5 
(Familiarity of scenario in Study 3) 

318 

Specific criteria 6 
(Familiarity of scenario in Study 4) 

305 
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Table S6 

Summary of post-exclusions in four studies 

 
Number of post-excluded 
participants (analyzed with 
original numeracy scale) 

Number of post-excluded 
participants  (analyzed with rasch-
based numeracy scale) 

Study 1 339 234 

Study 2 253 173 

Study 3  221 151 

Study 4  224 153 
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Replication: Main effect 

Table S7 

Studies 1-4: Descriptive statistics and main effect 

Study  Conditions  Main effect 

1 Positive framing Negative framing Framing effect 

 
M = 0.49, SD = 0.71, 

n = 169 
M = -0.07, SD = 1.11, 

n = 198 
t(363) = 5.56, p < .001,  d = 
0.58, 95% CI [0.37, 0.80] 

2 Frequency condition Percentage condition Frequency-percentage effect 

 
M = 3.04, SD = 1.30, 

n = 125 

M = 2.64, SD = 1.07, 

n = 141 
t(264) = 2.76, p = .006,  d = 
0.34, 95% CI [0.09, 0.58] 

3 Choice of Bowls Preference of Bowls 

 / / 
t(235) = 9.81, p < .001, d = 
0.64, 95% CI [0.50, 0.78] 

4 
Bet - No loss 
Condition 

Bet - Loss condition  

 Attractiveness  Affect of Bet 

 
M = 6.25, SD = 4.56, 

n = 122 
M = 9.08, SD = 7.03, 

n = 116 

t(236) = 3.70, p < .001  d = 
0.48, 95% CI [0.22, 0.74] 

 Affect   

 
M = -0.65, SD = 

1.36, n = 124 

M = -0.25, SD = 1.70, 

n = 116 
/ 

 Affect precision   

 
M = 4.11, SD = 1.43, 

n = 124 
M = 4.65, SD = 1.45, 

n = 116 
/ 

Note. n = number of participants, M = mean, SD = standard deviation.  
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Replication: Original’s analyses with dichotomized numeracy 

Table S8 

Studies 1, 2 and 4: Summary of statistical tests 

 F df p η2
p and CI Interpretation 

Study 1 (Mixed ANOVA) 

Numeracy and framing 
effect 

1.49 1, 362 .223 
0.00 
[0.00, 0.02] 
 

no-signal  
inconsistent 

Study 2 (Factorial ANOVA) 

Numeracy and frequency-
percentage effect 

0.07 1, 262 .794 
0.00 
[0.00, 0.01] 

no-signal  
inconsistent 

Study 4 (Factorial ANOVA) 

Numeracy and attractiveness 
of bet  

2.09 1, 234 .149 
0.01 
[0.00, 0.04] 

no-signal  
inconsistent 

Numeracy and affect of bet 1.05 1, 234 .307 
0.00 
[0.00, 0.03] 

no-signal  
inconsistent 

Numeracy and affect 
precision of bet 

2.53 1, 234 .113 
0.01 
[0.00, 0.04] 

no-signal  
consistent 

Note. CI = 90% confidence intervals. The interpretation of outcome is based on LeBel et al. 
(2019). 
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Table S9 

Study 3: Summary of statistical tests  

Low versus High numerate and Bowl Choice  

Chi-square test χ2 df p Cramer’s V and CI  

Numeracy as 
dichotomized 
continuous 
variable  

0.36 1 .548 0.04 [0.00, 0.17] 
no-signal  

 

Dichotomized 
forced choices 

3.00 1 .083 0.11 [0.00, 0.24] no-signal 

Low versus high 
numerate 

t df p d and CI Interpretation 

Preference of 
Bowls 

-1.59 234 .112 0.21 [0.05, 0.47] 
no-signal  

inconsistent 

Affect for Bowl 
A-9-100 

2.02 234 .045 0.27 [0.00, 0.53] 
signal  

inconsistent 

Affect precision 
for Bowl A-9-100 

0.16 234 .873 0.02 [-0.24, 0.28] 
no-signal  

inconsistent 

Note. CI = 95% confidence intervals. Independent t-test comparing the stated DVs between 
the high and low numerate split sub-samples. Dichotomized continuous numeracy is 
categorized bowl choices according to the preference of bowl. Dichotomized forced bowl 
choices is the adjusted DV. The interpretation of outcome is based on LeBel et al. (2019). 
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Extension: Analyses using continuous numeracy 

Table S10 

Studies 1, 2, 3, and 4: Summary of statistical tests 

Correlation  r and CI p 
Spearman’s 

rho 

Original numeracy scale  

Study 1 
Rating of students in 

Positive framing condition 

-0.05  

[-0.20, 0.10] 
.492 -0.06 

 
Rating of students in 

Negative framing condition 

0.09 

[-0.05, 0.22] 
.224 0.09 

Study 2 
Risk rating in  

Frequency condition 

-0.15  

[-0.32, 0.02] 
.088 -0.11 

 
Risk rating in Percentage 

condition 

0.00 

[-0.16, 0.17] 
.986 -0.01 

Study 3 Bowl preference 
0.09  

[-0.04, 0.22] 
.154 0.09 

 Affect for Bowl A-9-100 
-0.17  

[-0.29, -0.04] 
.011 -0.11 

 
Affect precision for Bowl A-

9-100 

0.04  

[-0.09, 0.17] 
.520 0.02 

Study 4 No Loss condition 

 Attractiveness  
0.01 

 [-0.17, -0.19] 
.933 0.02 

 Affect 
-0.07 

 [-0.24, 0.11] 
.453 -0.03 

 Affect precision 
0.09 

 [-0.09, 0.27] 
.312 -0.02 

 Loss condition    

 Attractiveness  
0.20  

[0.02, 0.37] 
.028 0.20 

 Affect 
0.09  

[-0.09, 0.27] 
.331 0.11 
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 Affect precision 
 0.29 

[0.12, 0.45] 
.001 0.14 

Rasch-based numeracy scale 

Study 1 
Rating of students in 

Positive framing condition 

-0.01 

[-0.19, 0.18] 
.941 -0.03 

 
Rating of students in 

Negative framing condition 

-0.01 

[-0.17, 0.16] 
.926 0.00 

Study 2 
Risk rating in  

Frequency condition 

-0.20  

[-0.40, 0.01] 
.057 -0.18 

 
Risk rating in Percentage 

condition 

0.02 

[-0.18, 0.22] 
.855 0.00 

Study 3 Bowl preference 
0.16  

[0.01, 0.31] 
.043 0.18 

 Affect for Bowl A-9-100 
-0.16  

[-0.30, 0.00] 
.048 -0.14 

 
Affect precision for Bowl A-

9-100 

0.16  

[0.01, 0.31] 
.043 0.12 

Study 4 No Loss condition 

 Attractiveness  
0.04 

 [-0.18, 0.26] 
.720 0.09 

 Affect 
0.01 

 [-0.21, 0.23] 
.924 0.06 

 Affect precision 
0.07 

 [-0.15, 0.28] 
.558 0.00 

 Loss condition    

 Attractiveness  
0.11  

[-0.11, 0.32] 
.337 0.09 

 Affect 
0.01  

[-0.21, 0.23] 
.929 0.02 

 Affect precision 
0.43 

[0.24, 0.60] 
< .001 0.28 

Note. CI = 95% confidence intervals. Interpretation is using the LeBel et al. (2019) criteria.  

  



Peters et al 2006: Replication and extensions (supplementary) 33 
 

 

Table S11 

Studies 1, 2, and 4: Comparisons of correlations 

  Fisher’s z  p Interpretation 

Original numeracy scale  

Study 1 Numeracy and framing effect -1.33 .184 
no-signal  

inconsistent 

Study 2 
Numeracy and frequency-percentage 
effect 

-1.22 .224 
no-signal  

inconsistent 

Study 4 Numeracy and attractiveness of bets -1.47 .142 
no-signal  

inconsistent 

 Numeracy and affect -1.22 .222 
no-signal  

consistent 

 Numeracy and affect precision -1.59 .113 
no-signal  

inconsistent 

Rasch-based numeracy scale  

Study 1 Numeracy and framing effect 0.00 1.000 
no-signal  

inconsistent 

Study 2 
Numeracy and frequency-percentage 
effect 

-1.49 .139 
no-signal  

inconsistent 

Study 4 Numeracy and attractiveness of bets -0.44 .659 
no-signal  

inconsistent 

 Numeracy and affect 0.00 1.000 
no-signal  

inconsistent 

 Numeracy and affect precision -2.44 .015 
signal  

inconsistent 

Note. The interpretation of outcome is based on LeBel et al. (2019). 
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Table S12 

Study 3: Numeracy and optimal bowl choice  

Independent t-test t df p d and CI Interpretation 

Original numeracy scale  

Bowl Choice 2.21 234 .028 0.33 [0.03, 0.62] 
signal  

consistent 

Rasch-based numeracy scale  

Bowl Choice 2.06 234 .040 0.31 [0.01, 0.60] 
signal  

consistent 

Note. CI = 95% confidence intervals.  Independent t-test comparing the numeracy between 
Bowl A and Bowl B. The interpretation of outcome is based on LeBel et al. (2019). 
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Extension: Confidence  

Table S13 

Confidence: Summary of statistical tests in Studies 1-4 

Correlation  r and CI p Spearman’s rho 

Original numeracy scale and Confidence level 

Study 1 
Positive 
framing 
condition 

-0.01  
[-0.16, 0.14] 

.909 0.00 

 
Negative 
framing 
condition 

-0.07 
 [-0.20, 0.07] 

.361 -0.05 

Study 2 
Frequency 
condition 

-0.01  
[-0.18, 0.17] 

.955 0.01 

 
Percentage 
condition 

0.03  
[-0.14, 0.19] 

.764 0.01 

Study 3  
0.16  
[0.03, 0.28] 

.014 0.19 

Study 4 
No loss 
condition 

0.18 
 [0.00, 0.35] 

.048 0.00 

 Loss condition 
0.11 
 [-0.07, 0.29] 

.229 0.06 

Rasch-based numeracy scale and Confidence level 

Study 1 
Positive 
framing 
condition 

0.04 
[-0.14, 0.23] 

.638 0.05 

 
Negative 
framing 
condition 

0.03  
[-0.13, 0.20] 

.692 0.07 

Study 2 
Frequency 
condition 

-0.01  
[-0.22, 0.20] 

.919 0.00 

 
Percentage 
condition 

0.04  
[-0.16, 0.24] 

.695 0.09 

Study 3  0.17 .034 0.17 
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[0.01, 0.31] 

Study 4 
No loss 
condition 

0.17  
[-0.05, 0.38] 

.123 0.04 

 Loss condition 
0.23 
[0.01, 0.42] 

.041 0.15 

Note. CI = 95% confidence intervals. 
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Pre-exclusions versus post-exclusions 

Table S14 

Summary for pre-exclusions and post-exclusions 

Study 
Main effects/ 
Interaction effects 
with numeracy 

Replication 
methods 

Pre-exclusion 
(cohen’s 
d/η2

p/Cramer's 

V/Fishers’ z and 
CI) 

Post-exclusion 
(cohen’s 
d/η2

p/Cramer's 

V/r and CI) 

Original numeracy scale 

1 Framing effect Independent t-test 
0.62 
[0.48, 0.76] 

0.58 
[0.37, 0.80] 

 
Numeracy and 
framing effect 

Mixed ANOVA 
0.01  
[0.00, 0.02] 

0.00 
[0.00, 0.02] 

 
Numeracy and 
framing effect 

Correlation 
comparison 

-2.49 -1.33 

2 
Frequency-
percentage effect 

Independent t-test 
0.37 
[0.23, 0.50] 

0.34  
[0.09, 0.58] 

 
Numeracy and 
frequency-
percentage effect 

Factorial ANOVA 
0.00 
[0.00, 0.01] 

0.00 
[0.00, 0.01] 

 
Numeracy and 
frequency-
percentage effect 

Correlation 
comparison 

-2.07 -1.22 

3 Bowl preference Independent t-test 
0.68  
[0.61, 0.76] 

0.64  
[0.50, 0.78] 

 
Numeracy and bowl 
choice (Original) 

Chi-square test 
0.13  
[0.06, 0.20] 

0.04  
[0.00, 0.17] 

 
Numeracy and bowl 
choice (Adjusted) 

Chi-square test 
0.17 
[0.10, 0.24] 

0.11 
[0.00, 0.24] 

 
Numeracy and 
Bowl preference 

Independent t-test 
-0.35 
[-0.53, -0.17] 

0.21 
[0.05, 0.47] 

 
Numeracy and 
affect precision for 
Bowl A-9-100 

Independent t-test 
-0.21 
[-0.29, 0.06] 

0.02  
[-0.24, 0.28] 

 
Numeracy and 
affect for Bowl A-

Independent t-test 
0.33 
[0.09, 0.45] 

0.27  
[0.00, 0.53] 
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9-100 

 
Numeracy and bowl 
choice (Adjusted) 

Independent t-test 
0.55  
[0.38, 0.72] 

0.33  
[0.03, 0.62] 

 
Numeracy and bowl 
preference 

Correlation 
0.20  
[0.14, 0.27] 

0.16 

[0.01, 0.31] 

 
Numeracy and 
affect precision for 
Bowl A-9-100 

Correlation 
0.17  

[0.11, 0.24] 

0.16  

[0.01, 0.31] 

 
Numeracy and 
affect for Bowl A-
9-100 

Correlation 
-0.20  

[-0.26, -0.13] 

-0.16 

[-0.30, 0.00] 

4 
Attractiveness of 
bet 

Independent t-test 
0.52 
[0.38, 0.65] 

0.48  
[0.22, 0.74] 

 
Numeracy and 
attractiveness of bet 

Factorial ANOVA 
0.02 
[0.01, 0.04] 

0.01 
[0.00, 0.04] 

 
Numeracy and 
attractiveness of bet 

Correlation 
Comparison 

-5.03 -1.47 

 
Numeracy and 
affect precision of 
bet 

Factorial ANOVA 
0.00 
[0.00, 0.00] 

0.01 
[0.00, 0.04] 

 
Numeracy and 
affect precision of 
bet 

Correlation 
Comparison 

0.45 -1.59 

 
Numeracy and 
affect of bet 

Factorial ANOVA 
0.01 
[0.00, 0.03] 

0.00 
[0.00, 0.03] 

 
Numeracy and 
affect of bet 

Correlation 
Comparison 

-3.82 -1.22 

Rasch-based numeracy scale 

Study 1 
Numeracy and 
framing effect 

Correlation 
comparison 

-2.79 0.00 

Study 2 
Numeracy and 
frequency-
percentage effect 

Correlation 
comparison 

-2.51 -1.49 

Study 3 
Numeracy and bowl 
preference 

Correlation 
0.20  

[0.14, 0.27] 

0.16  

[0.01, 0.31] 
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Numeracy and 
Bowl Choice 
(Extension) 

Independent t-test 
0.54 
[0.37, 0.70] 

0.31  
[0.01, 0.60] 

 
Numeracy and 
affect precision for 
Bowl A-9-100 

Correlation 
0.17  

[0.11, 0.24] 

0.16  

[0.01, 0.31] 

 
Numeracy and 
affect for Bowl A-
9-100 

Correlation 
-0.20  

[-0.26, -0.13] 

-0.16  

[-0.30, 0.00] 

Study 4 
Numeracy and 
attractiveness of bet 

Correlation 
Comparison 

-4.14 -0.44 

 
Numeracy and 
affect precision of 
bet 

Correlation 
Comparison 

0.30 -2.44 

 
Numeracy and 
affect of bet 

Correlation 
Comparison 

-2.93 0.00 

Note. CI = 95% Confidence Interval for independent t-test, chi-square test and correlation. CI 

= 90% Confidence Interval for mixed ANOVA and factorial ANOVA. 
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Table S15 

Summary for pre-exclusions and post-exclusions 

Original numeracy scale  
Pre-exclusion 
r and CI 

Post-exclusion 
r and CI 

Study 1 
Confidence and 
numeracy under 
positive framing 

Correlation 
-0.11  
[-0.20, -0.02] 

-0.01  
[-0.16, 0.14] 

 
Confidence and 
numeracy under 
negative framing 

Correlation 
-0.03 
[-0.13, 0.06] 

-0.07 
 [-0.20, 0.07] 

Study 2 
Confidence and 
numeracy under 
frequency condition 

Correlation 
-0.01  
[-0.10, 0.09] 

-0.01  
[-0.18, 0.17] 

 

Confidence and 
numeracy under 
percentage 
condition 

Correlation 
-0.01  
[-0.11, 0.08] 

0.03  
[-0.14, 0.19] 

Study 3 
Confidence and 
numeracy 

Correlation 
0.15  
[0.08, 0.21] 

0.16  
[0.03, 0.28] 

Study 4 
Confidence and 
numeracy under bet 
no loss condition 

Correlation 
0.10 
[0.01, 0.20] 

0.18 
 [0.00, 0.35] 

 
Confidence and 
numeracy under bet 
loss condition 

Correlation 
0.05 
[-0.05, 0.14] 

0.11 
 [-0.07, 0.29] 

Rasch-based numeracy scale  
Pre-exclusion 
r and CI 

Post-exclusion 
r and CI 

Study 1 
Confidence and 
numeracy under 
positive framing 

Correlation 
-0.10 
[-0.19, -0.01] 

0.04 
[-0.14, 0.23] 

 
Confidence and 
numeracy under 
negative framing 

Correlation 
-0.04  
[-0.14, 0.05] 

0.03  
[-0.13, 0.20] 

Study 2 
Confidence and 
numeracy under 
frequency condition 

Correlation 
-0.01  
[-0.10, 0.09] 

-0.01  
[-0.22, 0.20] 

 
Confidence and 
numeracy under 

Correlation 
0.00  
[-0.10, 0.09] 

0.04  
[-0.16, 0.24] 
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percentage 
condition 

Study 3 
Confidence and 
numeracy 

Correlation 
0.14  
[0.08, 0.21] 

0.17 
[0.01, 0.31] 

Study 4 
Confidence and 
numeracy under bet 
no loss condition 

Correlation 
0.11 
[0.01, 0.20] 

0.17  
[-0.05, 0.38] 

 
Confidence and 
numeracy under bet 
loss condition 

Correlation 
0.06 
[-0.03, 0.16] 

0.23 
[0.01, 0.42] 

Note. CI = 95% Confidence Interval. The report of  pre-exclusions and post-exclusions will 

be complete after data collection.  
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Pre-registration plan versus final report 

Table S16 

Preregistration planning and deviation documentation 

Components in 

pre-registration 

Location of 1) pre-

registered 

decision/plan and 2) 

rationale for 

decision/plan 
 
[Location / link] 

Were 

there 

deviati

ons? 

What 

type?  
 
[no / 

minor 

/  majo

r]* 

If yes - 

describe 

details of 

deviatio

n(s)  
 
[brief 

descripti

on / 

location / 

link] 

Ration

ale for 

deviati

on  
 
[brief 

descrip

tion / 

locatio

n / link] 

How 

might the 

results be 

different 

if you 

had/had 

not 

deviated 
 
[brief 

descripti

on / 

location / 

link] 

Date/ti

me of 

decision 

for 

deviatio

n + 

stage 

Hypotheses 

1) Page 13 
Table 1 “Summary of 
hypotheses of 
replication and 
extension” 
 
2) We reframed the 
hypothesis in Study 4 to 
align it with the original 
article. 

No / / No effect Stage 2 

Measured 
variables 

1) Page 27 

Table 6 “Study 3: 
Replication and 
extension 
experimental design” 
 
2) We corrected the 
typo: the rating of 
strong preference of 
Bowl A from “-6” to 
“6”. 6 was shown on the 
questionnaire. 

No / / No effect Stage 2 

Measured 
variables 

In our manuscript, we 
changed the description 
“Bowl A” to  “Bowl A-
9-100” and “Bowl B” to 
“Bowl B-1-10” to 
decrease cognitive load 
on readers and make it 
clearer what A and B 
stand for. 

No 
/ 
 

/ No effect Stage 2 
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Exploratory 
analysis 

1) Page 46 (Exploratory 
analysis)  
Paragraph 4 
 
2) We removed the 
comparison of the 
original effect and 
extension effect as 
exploratory analysis. 
We realized that effects 
conversions are not  
helpful and can be 
misleading.  

No / / No effect Stage 2 

Exploratory 
analysis 

1) Page 46 (Exploratory 
analysis)  
Paragraph 5 
 
2) We did not report 
timer completion as 
planned exploratory 
analysis. The time of 
completion of scales 
didn’t give us too much 
information about 
numeracy scales and 
subsequent analysis. In 
addition, we could not 
explain why some 
participants took longer 
to complete the 
questionnaire.   

No ./ / No effect Stage 2 

Notes.*Categories for deviations: Minor - Change probably did not affect results or interpretations; 

Major - Change likely affected results or interpretations. 
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Additional analyses and results 

Descriptives of original analyses with dichotomous numeracy 

Table S17 

Descriptives for the original analyses with dichotomous numeracy 

Study Conditions  High numerate Low numerate 

Study 1 Positive framing M = 0.41, SD = 0.75 M = 0.62, SD = 0.73 

 Negative framing M = -0.07, SD = 1.06 M = -0.15, SD = 1.10 

Study 2 Frequency M = 2.93, SD = 1.23 M = 3.21, SD = 1.31 

 Percentage M = 2.59, SD = 1.22 M = 2.55, SD = 1.06 

Study 4 Bet effect No-loss bet M = 5.95, SD = 4.47 M = 6.78, SD = 4.74 

 Loss bet M = 10.27, SD = 7.21 M = 7.50, SD= 6.44 

 Affect precision No-loss bet M = 4.42, SD = 1.35 M = 4.17, SD = 1.43 

  Loss bet M = 4.89, SD = 1.20 M = 4.61, SD = 1.44 

 Affect No-loss bet M = -0.72, SD = 1.35 M = -0.38, SD = 1.36 

 Loss bet M = 0.16, SD = 1.83 M = -0.18, SD = 1.61 

Note. M = mean, SD = standard deviation. 
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Assumption Checks 

Table S18 

Comparisons between parametric tests and non-parametric tests among four studies before 

exclusion 

 
Main 
effects/Interaction 
effect 

Results of 
Parametric tests  
(Mixed ANOVA/ 
Factorial 
ANOVA/Independe
nt t-test) 

Non-parametric tests 
(Aligned Rank 
Transform/ Mann-
Whitney U test) 

Study 1 Framing effect 
t(858) = 9.12, p < 
.001,  d = 0.62, 95% 
CI [0.48, 0.76] 

U = 63253, p < .001 
, rrb =  0.32 

 
Numeracy and 
framing effect 

F(1, 855) = 4.42, p = 
.025, η2

p = 0.01, 
90% CI [0.00, 0.02] 

F(1, 856) = 3.22, p = 
.07 

Study 2 
Frequency-
percentage effect 

t(853) = 9.12, p < 
.001,  d = 0.37, 95% 
CI [0.23, 0.50] 

U = 72873, p < .001 
, rrb =  0.21 

 
Numeracy and 
frequency-
percentage effect 

F(1, 856) = 3.40, p = 
.065, η2

p = 0.00, 90% 
CI [0.00, 0.01] 

F(1,856) = 4.18, p = 
.04 

Study 3 
Numeracy and 
preferences of bowls 

t(859) = 20.04, p < 
.001, d = 0.68, 95% 
CI [0.61, 0.76] 

U = 63546, p < .001 
, rrb =  0.23 

 
Numeracy and affect 
of Bowl A-9-100 

t(858) = -4.62, p < 
.001, d = 0.33, 95% 
CI [0.19, 0.48] 

U = 68273, p < .001 
, rrb =  0.17 

 
Numeracy and affect 
precision of Bowl A-
9-100 

t(858) = 3.00, p = 
.003, d = 0.22, 95% 
CI [0.07, 0.36] 

U = 72679, p = .004 
, rrb =  0.12 

Study 4  Bets effect 
t(858) = 7.66, p < 
.001,  d = 0.52, 95% 
[0.38, 0.66] 

U = 72338, p < .001 
, rrb =  0.22 

 
Numeracy and bets 
effect 

F(1, 856) = 17.87, p 
< .001, η2

p = 0.02, 
F(1, 856) = 16.54, p 
< .001 
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90% CI [0.01, 0.04]) 

 
Numeracy and affect 
of bets 

F(1, 856) = 17.87, p 
< .001, η2

p = 0.02, 
90% CI [0.01, 0.04] 

F(1, 856) = 7.26, p  
< .001 

 
Numeracy and affect 
precision of bets 

F(1, 856) = 0.02, p = 
.890, η2

p = 0.00, 90% 
CI [0.00, 0.00] 

F(1, 856) = 0.25, p = 
.616 
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Exploratory analyses 

Table S19 

Comparisons of affect precision and affect towards Bowl A-9-100 and Bowl B-1-10 

Before exclusion   

 Bowl A-9-100 Bowl B-1-10 Main effect 

Affect 
precision 

M = 4.42, SD = 1.58, 

N = 860 
M = 4.65, SD = 1.47, 

N = 860 
t(859) = 6.09, p < .001,  d = 
0.21, 95% CI [0.14, 0.28] 

Affect 
M = -0.78, SD = 

1.38, N = 860 
M = -0.22, SD = 1.50, 

N = 860 
t(859) = 11.86, p < .001,  d = 
0.40, 95% CI [0.33, 0.47] 

After exclusion   

Affect 
precision 

M = 4.29, SD = 1.59, 

N = 236 
M = 4.53, SD = 1.46, 

N = 236 
t(235) = 3.28, p = .001,  d = 
0.21, 95% CI [0.08, 0.34] 

Affect 
M = -0.81, SD = 

1.40, N = 236 
M = -0.09, SD = 1.60, 

N = 236 
t(235) = 7.13, p < .001,  d = 
0.46, 95% CI [0.33, 0.60] 

Note. N = number of participants, M = mean, SD = standard deviation. 
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Additional information about the study 

1. Setting: The study was conducted online via an online questionnaire using Qualtrics. 

There was no fixed physical setting in which the study was conducted. In addition, we 

did not disallow participation using any specific devices. 

2. Duration of Study Sessions: Participants were expected 10 minutes to complete all 

study materials, sessions would be ended earlier if participants completed study 

earlier. The average time was 14.8 minutes. 

3. Time of Day: As questionnaires are conducted online, there is no limit to what time of 

the day the participants should complete the questionnaire. They could do it at any 

time of their convenience. 

4. Data collection dates: Data collection started on May 16, 2022, and ended on May 17, 

2022. 

5. Participant Recruitment: Participants were recruited using Amazon Mechanical Turk. 

Data collection procedures: 

This study was conducted on Amazon Mechanical Turk with American participants. We 

imposed the following settings in recruiting our participants: 

1. Participants were paid $1.25 as a fixed participation reward. This amount was 

determined by multiplying the expected completion time (in mins.) with the minimal 

federal wage in the U.S. (i.e., $7.25 per hour). 

2. The expected completion time was set at 10 minutes in advance. 

3. The most time we allowed each worker to complete the study was 30 minutes. 

4. We limited all workers’ HIT Approval Rate to be between 95% and 100%. 

5. We limited each worker’s number of HITs approved to be between 5,000 and 

100,000. 

6. We blocked Suspicious Geocode Locations and Universal Exclude List Workers. 

7. We blocked duplicate IP addresses and duplicate geolocation. 

8. We enabled HyperBatch so that all eligible workers were able to participate in our 

HIT immediately after the survey was launched. 

9. We restricted workers’ location to be in the U.S. 
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Replication evaluation 

Replication closeness 

Given provided details on the classification of the replications using the criteria by LeBel et 
al., (2018) criteria in Table below and details of deviation in Table 8 in the manuscript. We 
summarized the replication as a "very close” replication. 

A classification of relative methodological similarity of a replication study to an original 
study. “Same” (“different”) indicates the design facet in question is the same (different) 
compared to an original study. IV = independent variable. DV = dependent variable. 
“Everything controllable” indicates design facets over which a researcher has control. 
Procedural details involve minor experimental particulars (e.g., task instruction wording, 
font, font size, etc.). 

"Similar" category was added to the Lebel et al. (2018) typology to refer to minor deviations 
or extensions aimed to adjust the study to the target sample that are not expected to have 
major implications on replication success. See Olsson-Collentine, van Assen, and Wicherts 
(2020) on meta analysis showing minor to no expected impact due to variations in sample 
population or setting.  
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Table S20 

Criteria for evaluation of replications by LeBel et al. (2018) 

Target similarity  Highly similar Highly dissimilar 

Category Direct replication Conceptual replication 

Design facet 
Exact 

replication 

Very close 

replication 

Close 

replication 

Far 

replication 

Very far 

replication 

Effect/hypothesis Same/similar Same/similar Same/similar Same/similar Same/similar 
IV construct Same/similar Same/similar Same/similar Same/similar Different 

DV construct Same/similar Same/similar Same/similar Same/similar Different 
IV 

operationalizatio
n 

Same/similar Same/similar Same/similar Different  

DV 
operationalizatio

n 
Same/similar Same/similar Same/similar Different  

Population (e.g. 
age) 

Same/similar Same/similar Same/similar Different  

IV stimuli Same/similar Same/similar Different   
DV stimuli Same/similar Same/similar Different   
Procedural 

details 
Same/similar Different    

Physical setting Same/similar Different    
Contextual 

variables 
Different    

 
 

Note. “Same” (“different”) indicates the design facet in question is the same (different) 
compared to an original study. "Similar" category was added to the Lebel et al. (2018) 
typology to refer to minor deviations or extensions aimed to adjust the study to the target 
sample that are not expected to have major implications on replication success. See Olsson-
Collentine, van Assen, and Wicherts (2020) on meta analysis showing minor to no expected 
impact due to variations in sample population or setting. 
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Replication versus the original 

Figure S5 

Interpretation criteria for evaluation of replications outcomes by LeBel et al. (2019), if the 

original study detected a signal. A simplified replication taxonomy for comparing replication 

effects confidence intervals to target article original effect sizes. 

 

Figure S6 

Interpretation criteria for evaluation of replications outcomes by (LeBel et al., 2019), if the 

original study failed to detect a signal (null finding)  
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