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Abstract.  The thesis that the mind is better prepared to process frequencies—as 

compared to other numerical formats—continues to be debated. A recent aspect 

of this issue is the role of numeracy (numerical literacy; one’s ability to 

understand and work with numerical information), and specifically the argument 

that individual differences in numeracy interact with numerical formats. This 

interaction, either that frequencies improve performance only for those of low 

numeracy or that frequencies work only for those of high numeracy, would 

suggest that better performance using frequencies could be due to (non-

evolutionary) numeracy effects. The three present studies revisited prior work 

with cumulative probability, Bayesian reasoning, and scenario risk assessments 

to study the effects of numeracy on frequency facilitation. Results from these 

experiments consistently failed to replicate previous findings of interactions, 

however, a more consistent finding emerged of a straightforward frequency 

effect. The lack of interactions and observations of frequency main effects lend 

support to the evolutionary explanation of the frequency effect. In addition, 

some possible statistical processes are proposed to explain the observation of 

interactions in past studies. 

 

The local weather forecaster paints a grim picture for the weekend: a 50% chance of rain 

on Saturday, and a 50% chance of rain on Sunday. What is the chance it will rain at some point 

over the weekend? It is clearly not 100%, although such erroneous responses have been 

documented (Paulos, 1988). In fact, when queried about the statistical meaning of a weather 

forecast stating a 50% chance of rain tomorrow, people often give responses such as: “it means it 

will rain 50% of the time tomorrow”, or “tomorrow, 50% of the area will get rain”, rather than 

the correct response of “it will rain on 50% of the days like tomorrow” (Gigerenzer, Hertwig, 

van den Broek, Fasolo, & Katsikopoulos, 2005). Gigerenzer et al. suggest that a less confusing 

way of presenting the information is to always include the reference class. For example, one 

could say “a 50% chance of rain, meaning it will rain on 5 out of 10 days like tomorrow”, with 

“10 days like tomorrow” being the explicitly stated reference class. Indeed, it is ironic that 

billions of dollars are spent each year to collect the data required for weather forecasts, but 

relatively little thought is devoted to presenting that data in a format that would remove 

misunderstandings due to missing reference class information. 
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However, should weather forecasters (and other presenters of statistical results) present 

information differently depending on the education of the individual being informed?  In 

particular, does the numerical literacy level of the information recipient interact with the 

numerical information and how it is presented?  Although real world applications of an answer to 

this question have to wait on tailored newscasts (e.g., via online news services), the answer 

nonetheless has immediate and important theoretical implications.  

 

The Frequency Effect 

 

The frequency effect—that people generally perform better on math-related tasks when 

the numbers are in a frequency format—has been shown to occur quite often in quantitative 

judgment and decision making tasks.  It has been demonstrated in simple estimation tasks (e.g., 

Gigerenzer, 1991), and it has been a topic of sustained interest within research on complex tasks 

such as Bayesian reasoning (e.g., Cosmides & Tooby, 1996; Gigerenzer & Hoffrage, 1995). 

Even with twenty years of research, the basic methodology and finding is remarkably 

unchanged: give participants two versions of the same problem –one with numbers expressed as 

probabilities and the other with isomorphic numbers expressed as frequencies—and then observe 

any response disparity between participants who had the two different problem versions.  

In contrast to this methodological stability, the theoretical explanations around the 

frequency effect have been tumultuous.  An early explanation of the frequency effect is the 

“frequency hypothesis,” which proposes that people’s minds are adapted to understand 

frequencies particularly well because the human mind evolved in an environment rich with 

frequency information (event happening, objects existing, etc) as opposed to probabilistic 

information (e.g., a 33% chance of rain; Cosmides & Tooby, 1996; Brase, Cosmides, & Tooby, 

1998). Alternatives to the frequency hypothesis form a loose aggregate of counter proposals, all 

of which share a commitment to not accepting the thesis that the mind is designed so as to have a 

privileged representational format for quantities (i.e., not agreeing with the frequency 

hypothesis).  

The most direct counters to the frequency hypothesis favour explanations that involve 

frequencies having some broader properties (transparency, vividness, etc.), and that these 

properties are merely present for the human mind to appreciate.  For example, the performance 

improvements in statistical reasoning (i.e., the frequency effect) have been attributed to 

frequencies making the tasks more “transparent” (Evans, Handley, Over, & Perham, 2002; 

Evans, Handley, Perham, Over, & Thompson, 2000), promoting an “outside view” of the 

problem rather than an “inside view” (e.g., Sloman, Over, Slovak, & Stibel, 2003), making the 

numbers more “vivid” (e.g., Slovic, Peters, Finucane, & MacGregor, 2005), or providing a more 

concrete exemplar to cue memory (e.g., Koehler & Macchi, 2004).  The number of these 

alternative explanations suggests an intuitive appeal, although advocates of the frequency 

hypothesis argue that these explanations are comparatively weak proximate descriptions of the 

more ultimate-level explanation provided by the frequency hypothesis (e.g., Brase, 2002). 

A significant additional factor in these theoretical debates about the frequency effect is 

the status of frequencies framed in terms of natural sampling, often shortened to natural 

frequencies. Natural sampling refers to the sequential counting of event frequencies as one 

encounters them and embedding those counts in a categorical conceptual structure, which yields 

frequencies that are not normalised and therefore implicitly carry information about base rates 
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via their relative sizes (Brase, 2002; Kleiter, 1994). Gigerenzer and Hoffrage (1995) provide the 

following story to illustrate natural sampling:  

 
Imagine an old, experienced physician in an illiterate society. She has no books or statistical 

surveys and therefore must rely solely on her experience. Her people have been afflicted by a 

previously unknown and severe disease. Fortunately, the physician has discovered a symptom that 

signals the disease, although not with certainty. In her lifetime, she has seen 1,000 people, 10 of 

whom had the disease. Of those 10, 8 showed the symptom; of the 990 not afflicted, 95 did. Now a 

new patient appears. He has the symptom. What is the probability that he actually has the disease? 

(p. 6) 

 

It could be argued that the standard way of examining the frequency effect—paper and 

pencil word problems—is not an accurate test of the frequentist hypothesis.  Participants are not 

“sequentially counting” anything but instead are reading about the information they would have 

encountered in a sequential fashion (Girotto & Gonzalez, 2001).  While parallel research 

paradigms have attempted to more closely mimic the natural sampling of information (see 

Goodie & Fantino, 1995, 1996, 1999), the word problem paradigm remains a viable platform for 

examining the frequentist hypothesis to the extent that information is presented in a way that 

mimics the structure in which people would sequentially acquire information in the natural world 

(i.e., naturally sampled frequencies).  

Natural frequencies, in particular (versus frequencies not framed within a natural 

sampling system), facilitate the understanding of complex problems that involve mathematical 

combining of events, such as Bayesian reasoning and cumulative probability.  While natural 

frequencies tend to show a robust effect, it has been occasionally shown that frequency-

formatted information may not be the “best” way to facilitate the understanding of information 

(e.g., Burkell, 2004; Cuite, Weinstein, Emmons, & Colditz, 2008; Dieckmann, Slovic, & Peters, 

2009; Schwartz & Woloshin, 2011). However, in many of these papers the frequency-formatted 

version is simply “2 in 20” and not set in a natural sampling format. Additionally, while some of 

these studies have shown that percentage formats may lead to increased understanding of risk in 

certain situations (e.g., Cuite, et al.), it is reasonable to question how participants interpret these 

various numerical formats (see Brase, 2008 regarding how people can interpret of chances as 

either frequencies or probabilities). 

The term “natural frequencies” here is thus actually a combination of two factors: 

frequencies and natural sampling, but this point has been misunderstood by some researchers 

seeking to critically evaluate the frequency hypothesis (i.e., one of these two factors).  For 

example, the term “natural frequencies” is sometimes misunderstood as meaning merely 

“frequencies of the sort observed in daily life—that is, ‘natural samples’” (McCloy, Byrne, & 

Johnson-Laird, 2010, p. 502).  

These confusions have been pointed out and disentangled multiple times (e.g., 

Gigerenzer, 1996; Gigerenzer & Hoffrage, 1999; Brase, 2002; Hoffrage, Gigerenzer, Krauss, & 

Martignon, 2002; Barbey & Sloman, 2007; Brase, 2007; Gigerenzer & Hoffrage, 2007), but the 

misinterpretation of natural frequencies and the frequency hypothesis remains prevalent in the 

literature. (Compare, for instance, the positions taken by Johnson-Laird et al. (1999), redressed 

by Brase (2002), but then unchanged in McCloy, Byrne, & Johnson-Laird (2010).) Although 

recent empirical research on this issue has indicated that the use of frequencies has a significant 

and independent positive influence on performance, controlling for the effects of natural 

sampling (Brase, 2002, 2008), the debate continues. The on-going nature of this issue suggest 

that the concept of natural sampling and the frequency hypothesis may be more productively 
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assessed at this point by broadening the repertoire of dimensions on which these ideas are 

assessed.   

 

Numerical Literacy and the Frequency Effect 

 

Another topic receiving much attention within the judgment and decision making 

community recently is that of numerical literacy (or numeracy): a person’s ability to understand 

and work with mathematical information.  People high in numerical literacy are very capable and 

comfortable with quantitative information, whereas people low in numerical literacy have 

difficulties in understanding numerical information and are uncomfortable with such information 

(often called “innumeracy” as an analog to illiteracy in reading; see Paulos, 1988). The concept 

of numerical literacy, including some of the concept’s definitional problems, has received a 

considerable amount of attention recently (e.g., Reyna, Nelson, Han, & Dieckmann, 2009).   

The topics of the frequency effect and numerical literacy have been combined in a few 

recent research reports.  This is not too surprising; one should expect a difference in performance 

on numerical tasks based on the individual’s numerical literacy, and combining this with a 

numerical format manipulation that also affects performance is sensible. The surprise is that 

these studies have found conflicting results regarding whether high versus low numerate 

individuals are more affected by the “frequency effect.” Not only is this problematic in terms of 

simple consistency in the literature, but changes in the frequency effect across different levels of 

numerical literacy could have implications for the different theoretical explanations of what 

underlies that effect in the first place. 

The research of both Peters et al. (2006) and Chapman and Liu (2009) found that 

participants responded differently depending upon their level of numeracy. This is to be 

expected, especially for the objective right/wrong questions posed in the Chapman and Liu 

paper. However, the variability in high and low numerates was in opposite directions between 

the Peters et al. and Chapman and Liu papers. Specifically, Peters et al. found that low numerate 

individuals were influenced more by a frequency formatted task (i.e., low numerates perceived 

more risk in the frequency condition). This research used a paradigm adapted from Slovic, 

Monahan, and MacGregor (2000) in which participants were given a vignette describing Mr. 

Jones, a psychiatric patient who was up for release from an institution. A statement was provided 

to the participants about the likelihood that Mr. Jones would inflict harm upon someone else 

within the first few months of release (e.g., “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”). 

For the single event probability vignette, “10” was replaced with “10%.” After participants read 

the vignette and the likelihood estimate, participants rated the amount of risk that Mr. Jones 

presented to others. Peters et al. found the ratings of high numerates were unaffected by the 

format of presentation (i.e., probability or frequency), whereas low numerates perceived the risk 

of Mr. Jones to be much greater when presented with information in the frequency format. Peters 

et al. (2006) explain the asymmetry of risk perception between high and low numerates by 

suggesting that high  numerates have access to both frequency and single event probability 

information regardless of the format because they are capable of mentally converting numbers 

back and forth. This would mean that high numerates are relatively unaffected by differences in 

format, at least for this particular research paradigm. In contrast, the difference in low 

numerates’ risk perceptions based on number format is caused by their inability to access both 

probability and frequency information simultaneously. This inability to access both formats may 
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lead low numerates to overestimate the risk in the above problem when given information in a 

frequency format.  

The Peters et al. study is not an isolated case. Schapira, Davids, McAuliffe, and Nattinger 

(2004) found a similar inconsistency in perceived risk by low numerates. Schapira et al. 

examined the relative accuracy of breast cancer risk assessments between two forms of scales—a 

frequency based scale with graphical representation, and a percentage-based scale illustrated by a 

low risk/high risk continuum. Schapira et al. found that low numeracy—as defined by 

participants’ low scores on a three item measure adapted from Schwartz et al. (1997)—was 

predictive of inconsistency between the two forms of scales. For both Peters et al. and Schapira 

et al. the inconsistency in low numerates’ risk perceptions are explained by the inability of low 

numerates to convert numbers and understand conceptual equivalence. Conversely, high 

numerates’ risk perceptions were relatively consistent because they understood that both the 

frequency and probability information formats represented the same mathematical quantity. This 

ease of understanding is the main explanation of the results.    

In contrast to Peters et al., Chapman and Liu (2009) found a simple effect of frequency-

formatted information only for those who scored high on the General Numeracy Scale (Lipkus, 

Samsa, & Rimer, 2001). Participants low in numeracy performed equally poor on their Bayesian 

reasoning problems. Chapman and Liu administered two Bayesian reasoning problems to 

participants, one in frequency format and one in probability format. Logistic regression using 

numeracy scores, number format, and the interaction term suggested that two of the three—

numeracy and the interaction term—were unique predictors of answering the respective 

problems correctly. People scoring higher on the numeracy scale were more likely to correctly 

answer a Bayesian reasoning problem, but the main effect for number format (i.e., the frequency 

effect) was only marginally significant (p = .06). The significant interaction between numeracy 

and number format indicated that participants low in numeracy were not as affected by numerical 

format, whereas individuals high in numeracy benefited from the conversion from single event 

probability to frequency.  Bramwell, West, and Salmon (2006) found similar results when 

comparing probabilistic reasoning performance between midwives, companions, and 

obstetricians of pregnant women. Each participant in the Bramwell et al. study was asked to 

estimate the probability that a child would be born with Down’s syndrome, with the relevant 

information given either as frequencies or as percentages. The frequency effect was only evident 

in obstetricians. To the extent that obstetricians have higher numeracy levels than midwives and 

the companions of pregnant women, these results are consistent with the findings of Chapman 

and Liu.  

In evaluating how Peters et al. (2006) and Chapman and Liu (2009) found different 

results with respect to numeracy and number format, it is important to discuss the perhaps 

significant differences in the specific tasks being performed in these two papers. Specifically, 

Peters et al. use (in experiment 2) a risk rating procedure, whereas Chapman and Liu utilized 

Bayesian reasoning problems. One task (Bayesian reasoning) has an objectively correct answer 

whereas the other task simply measures the perceived risk associated with a scenario (risk 

rating). Further, one task can employ the natural sampling paradigm (Bayesian reasoning) 

whereas the other cannot (risk rating). As a result, the comparison between these studies may 

need to be made more strictly in terms of perceptions of the numerical information itself (either 

in probability or frequency format).  

Peters et al. suggest that numbers in a frequency format (1 in 10) are more “vivid” than 

numbers in a probability format (10%). This may lead, in certain situations, to higher estimates 
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of risk when told that a person has a 1 in 10 chance of having a heart attack versus a 10% chance. 

Peters et al. explain this by suggesting that individuals think of actual events or heart attacks 

when reading “1 in 10” whereas participants may think in terms of a likelihood or chance that 

they will have a single heart attack when given information in terms of “10%.” Although the risk 

assessment problems used in Peters et al. 2006 seem, on the surface, different than the Bayesian 

reasoning problems described by Chapman & Liu, they both have the potential to reflect a basic 

tenet of the frequentist hypothesis: that the mind is designed to understand and work with 

frequency formatted information.  Predictions of the various theoretical accounts of the effect of 

numeracy on math-based tasks and proposed causes of the results are summarized in Table 1.  

 

Table 1
 

Predictions, Proposed Causes for Varying Theoretical Accounts of Numeracy’s Effect on Math 

Based Tasks  

 

Theoretical Account Cause of Results Predictions 

Fluency Hypothesis  

(Peters et al., 2006) 

Vividness of frequencies 

attenuated by fluency across 

formats 

Frequencies lead to higher 

estimated risk for  low 

numeracy people 

Threshold Hypothesis  

(Chapman & Liu, 2009) 

Numeracy of the person must 

be above threshold for 

frequencies to help 

Frequencies increase 

performance for high 

numeracy people 

Frequentist Hypothesis  

(Gigerenzer & Hoffrage, 1995; 

Cosmides & Tooby, 1996) 

Evolved mind is designed to 

work best with frequencies 

Frequencies help all people, 

regardless of numeracy level 

 

 

Experiment 1 

 

  The goals of Experiment 1 were: a) to determine the replicability of previous results, 

using new variants of the problems to determine if any past findings were artefacts of the 

particular tasks, and b) to include tasks of intermediate difficulty; easier than Bayesian reasoning 

tasks but not simply numerical format conversion tasks.  Most of these completely new tasks 

were also constructed such that there were objectively correct answers for them.  Peters et al. 

(2006, Study 2) showed a significant interaction with a large effect size (η
2
 = .41).  By using the 

odds ratio to effect size conversion steps illustrated by Tabachnick and Fidell (2007) and Chinn 

(2000), the estimated eta-squared value for the interaction of the Chapman and Liu (2009) 

studies was shown to be less than .001.  It should be noted that this value is collapsed across both 

of their problems due to the way in which the data is displayed in their manuscript.  By 

calculating the effect sizes for these two papers, we can directly compare effects obtained in 

them with effects of our own experiments. Further, to make certain that we used an adequate 

sample size to obtain the effects (Peters et al. η
2
 = .41, Chapman & Liu, η

2
 = .0002), we 

conducted an a priori power analyses using G*Power to determine adequate sample sizes. These 

analyses determined that we needed 23 participants for the risk rating problems (using η
2
 = .41) 

and 125 for the Bayesian reasoning problems (using η
2
 = .0002). This sets the current collection 

of experiments up for some replication attempts. Although post hoc power analyses have been 
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shown to be somewhat redundant with respect to p-values (Hoenig & Heisey, 2001), there 

remains some utility in a prior power analyses (Leventhal, 2009).  

If one of these replication attempts fails, then that indicates a potentially troubling null 

result, perhaps indicating a faulty theoretical account.  If the cumulative probability problems in 

the study exhibit a pattern similar to that found by Chapman and Liu (2009) and if the risk 

assessment question exhibits a pattern similar to that found by Peters et al. (2006), this would 

suggest that problem difficulty may indeed explain the different results found by various 

researchers. Interactions between numerical literacy level and number format may provide 

further evidence against the frequency effect, but only if there are not clear statistical variance 

issues with interpreting such an interaction (e.g., floor effects due to very few participants overall 

answering correctly on Bayesian reasoning and cumulative probability problems).  In short, 

Experiment 1 used a between subjects design with both probability and frequency versions of 

several tasks to examine the relationships between numeracy, number format, and task 

complexity. Each participant received multiple tasks of differing complexity, making Task Type 

a within subjects variable.  

 

Experiment 1 Method 

 

Participants. Participants in the study consisted of 269 undergraduate students enrolled 

in an introductory psychology class at a large university in the Midwest United States. The 

sample—55% Female, 45% Male—consisted of a mixture of ethnic groups (Caucasians 

(82.90%), African American (4.09%), Asian (2.97%), Hispanic (2.23%), Native American 

(0.37%), Other (7.43%)). The mean age was 19.17 (SD = 2.69). The students participated in 

partial fulfilment of a course requirement, and students who wished not to participate in the 

experiment were given an alternative option in the form of research reaction papers.  

 

Materials. The General Numeracy Scale (GNS; Lipkus, Samsa, & Rimer, 2001) was 

used to assess numerical literacy.  The GNS is an expanded version of a three item scale 

developed by Schwartz and colleagues (Schwartz, Woloshin, Black, & Welch, 1997) which 

consists of basic math problems intended to test a person’s ability to transform proportions to 

percentages, percentages to proportions, and probabilities to proportions. The test is also 

designed to test the individual’s ability to recognise differences in numerical magnitude. Since 

the test was designed primarily for use in the medical realm, most of the risk questions pertain to 

diseases. Regarding the legitimacy of the GNS, many studies have recently used it, and item-

response analyses suggest it is a good measure of numerical literacy (Schapira, Walker, & 

Sedivy, 2009). Perhaps most significantly, it is the numeracy assessment used in the previous 

studies that motivate the present research. 

Five new tasks were created for the current experiment, each with two versions 

(frequency and probability).  One of these tasks (see Appendix A) was a risk perception question 

structurally very similar to the risk question used by Peters et al. (2006), but with a more difficult 

conversion (converting 45 in 300 to 15%). Two other items required a general understanding of 

basic probability concepts (exhaustive categories of outcomes must sum to 1, generalizing from a 

sample to the population). These problems were developed with the goal of being easier than 

cumulative probability or Bayesian tasks, but not as simple as numerical format conversion 

tasks.  These completely new tasks were also constructed such that there were objectively correct 

answers for them.  However, some of these tasks (e.g., Gun Control problem), by the way they 
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are constructed, may not lend themselves to a clear interpretation by way of the frequentist 

hypothesis.  For example, the Gun Control problem appears that it should be easier in a 

probability format than in a frequency format because the frequency format requires more 

computations than the probability format.  This means that some of the problems explored in this 

paper are exploratory in nature.  The remaining two new items were cumulative probability 

problems that require an understanding of probability similar to that required in Bayesian 

reasoning problems. Cumulative probability problems typically require that the participant 

understands that the population from which he or she is performing calculations is changing after 

each step. For example, in our English Class problem (Appendix A), the number of students who 

have not passed the test becomes smaller at each iteration of the test. The participant must realize 

this when calculating the appropriate proportion of people that pass each round (e.g., 10%). Both 

cumulative probability problems and Bayesian reasoning problems require some basic 

knowledge of relational concepts and probability rules, but these cumulative probability 

problems were designed to be a bit easier to solve.  

 

Procedure. Prior to the beginning of the experiment, a random number generator was 

used to assign participants to specific conditions (probability or frequency). All of the items—

both the GNS items and the newly created items—were presented via Medialab (Jarvis, 2005) 

and the order that participants saw each question was randomised. 

 Participants were brought into the lab in groups of up to eight people, with each 

participant seated in front of his or her own computer and physical dividers blocking each 

participant from seeing the monitors of other participants. Participants were also told not to use 

calculators—including their phones—to work on the problems, and they were directed to a 

pencil and paper next to each computer for their use in solving the math problems. During the 

course of the experiment the participants were observed by a researcher to ensure no one used a 

calculator.  Following the experiment, participants were debriefed. 

 

Experiment 1 Results 

  

The goal of creating items with a range of difficulty was successful, with performance on 

the objective correct/incorrect items ranging from 14% to 45% (see Table 2 and Appendix A).  

This thus sets a proper stage from which to test the proposed hypotheses. Responses to all of the 

items—with the exception of the risk rating question—were analyzed using a two-step 

hierarchical logistic regression with two predictors (Numeracy Level and Number Format) 

entered in the first step and their interaction term entered in the second step. For all analyses, 

Number Format was coded as: probability format = 0, frequency format = 1. Each test item, 

again besides the risk rating question, was separately analyzed as a dichotomous (correct = 1, 

incorrect = 0) dependent variable. Although there exists debate concerning the appropriateness of 

median splits (e.g., Cohen, 1968), the level of numeracy—determined by the score on the 

GNS—was treated as a dichotomous variable by way of a median split because this was the 

method consistent with past studies (Chapman & Liu, 2009; Peters et al. 2006). To curtail any 

concerns about the validity of our method of analysis, subsequent analyses were performed 

treating numerical literacy as a continuous variable. All analyses yielded results completely 

consistent with the results reported in this paper. The coding procedure for numeracy (0 = low 

numerate, 1 = high numerate) was consistent for all studies. 
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Table 2 

Descriptive Statistics for Performance on Math-Based Problems, Experiment 1 

 

 

 Low Numerate High Numerate 

 

Problem (Type) 

 

Probability 

 

Frequency 

 

Probability 

 

Frequency 

Automobile  

(risk rating) 

3.46 (1.24) 3.47 (1.17) 3.65 (1.39) 3.68 (1.50) 

Virus  

(cumulative probability) 

4% 12% 15% 23% 

English class  

(cumulative probability) 

13% 58% 32% 76% 

Apartment  

(exhaustive categories) 

13% 32% 28% 31% 

Gun control states 

(extrapolate from sample) 

24% 41% 43% 59% 

          N            71    59                        65                       74 

Note. Ratings are means with standard deviations in parentheses. Other numbers are percentage 

correct. Tasks with objective correct answers are sorted in order of difficulty as determined by 

overall percentage correct.  

 

 

Risk rating question. The automobile risk rating question was analyzed using a two step 

hierarchical regression following the same stepping pattern as the logistic regression analyses 

previously described (i.e., Step 1: Number Format, Numeracy Level; Step 2: the interaction 

term). At Step One the model was nonsignificant (for statistics see Table 3). At Step One the 

individual predictors in the model (GNS and Number Format) were also shown to be non-

unique. At Step Two the interaction term showed non-unique prediction, and the overall model 

did not significantly improve. In sum, although both Number format (β = .01) and Numeracy 

level (β = .07) showed minimal positive relationships with risk rating, these relationships could 

have been spurious (for trends see Table 2). 

 

Cumulative probability problems. The two cumulative probability problems (with 

context stories about virus infection and testing in an English class) yielded similar results to 

each other in the hierarchical logistic regressions (see Tables 2 & 4). Specifically, at Step One, 

Numeracy Level was a unique predictor of whether a participant obtained the correct answer to a 

question. This was true for both the English Class and Virus problems, while Number Format 

(frequency or probability) significantly increased the likelihood of prediction for the English 

Class problem, but not for the Virus problem. For both the English Class and Virus problems, at 

Step Two of the analysis, the introduction of the Numeracy Level by Number Format interaction 

term failed to significantly increase the predictive power of the model.   
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Table 3 

 

Hierarchical Regression Results for Risk Rating Questions, Experiments 1, 2, and 3 

 

                                                                  

Exp.   Problem               Step      Factor
a
            R

2
 (ΔR

2
)             t     β           Power  

1        Automobile 1 — .01 —           —  .25      

   Numeracy (N) —                  1.17        .07                — 

   Format (F) —                  0.12        .01  — 

  2          —                            <.01 —           —                 .06 

   N x F — 0.06        .01    

2        Automobile 1 — .04* —           —  .78          

   Order —                -2.73*      -.21   — 

  2 — .04* —           —  .72      

   Numeracy (N) —                -2.10*      -.16                 — 

   Format (F) —                 1.41          .11   — 

  3          —                           <.01 —           —  .09      

   N x F —                -0.62         -.09  —  

2        Mr. Jones 1 — .09*               —            —  .97          

   Order —                -3.90*       -.30                — 

  2 — .03 —            —  .46          

   Numeracy (N) —                -1.78         -.13                —  

   Format (F) —                 1.15           .09                — 

  3          —                           <.01 —            —  .07         

   N x F —                 0.56          .08                —  

3        Automobile 1 — .03 —            —       .54 

   Numeracy (N) —                 0.23          .02   —  

   Format (F) —                 2.29*        .16   — 

  2          —                           <.01                 —            —                 .07 

   N x F —                 0.22          .03   —  

3         Mr. Jones 1 — <.01 —            —        .11 

   Numeracy (N) —                -0.74         -.05  — 

                Format (F)  —                -0.32         -.02  — 

  2          —                             <.01 —            —                 .12 

   N x F —                 0.79          .10   —  

 

Note. 
a
 Each factor was evaluated at its first level of entry into the model. * Statistically 

significanct at the level of .05. 

 

 

Intermediate statistical reasoning problems. Performances on both the Gun Control 

and Apartment problems were significantly affected by Number Format. For the Gun Control 

problem, but not the Apartment problem, there was a significant main effect for Numeracy Level 

as well. The interaction term provided no unique predictive power for either of these additional 

intermediate statistical reasoning problems (see Table 4). Further examination of the descriptive 

statistics (see Table 2) for the Apartment problem showed that high numerates performed equally 
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well regardless of the number format presented, whereas low numerates appeared to benefit most 

from the numbers being in frequency format as opposed to single event probability. Although 

this apparent interaction was not statistically significant, a result in support of the frequentist 

hypothesis, the trend could be consistent with the results of Peters et al. (2006) in their risk rating 

task (see Mr. Jones task, Experiment 2), and must be acknowledged. Performance on the Gun 

Control question was similar to that of the Apartment problem in the sense that performance was 

heavily affected by both number format and numeracy level; here both statistically significant.  

 

Table 4 

 

Logistic Regression Results for Correct/Incorrect Response Questions, Experiment 1 

                                                                 

Problem               Step Factor        R
2

NS                 Wald χ
2
             η

2
  Power                 

English Class 1 —       .31*   —          —     — 

  Numeracy (N)        —                    11.78*            .07      .61      

  Format (F)        —                    50.13*            .24                 .99 

 2 —       .31   —          —                 — 

  N x F        —             0.39         .01     .13  

Virus Problem 1 —       .08*   —          —                — 

  Numeracy (N)        —                   6.70*         .07               .64 

  Format (F)        —               3.28         .03               .34 

 2 —       .08   —          —                 — 

  N x F        —  0.55         .03       .30  

Apartment  1 —       .04*   —          —     — 

  Numeracy (N)        —  1.78         .01                .15 

  Format (F)        —  4.35*         .03                .28 

 2 —       .05   —          —     — 

  N x F        —  3.03         .07                .64  

Gun Control 1 —       .09*   —          —                 — 

  Numeracy (N)        — 10.03*         .05                 .47 

  Format (F)        —  7.75*         .04                 .38 

 2 —       .09   —          —     — 

  N x F        —   —         .41     .99  

   

Note. Each factor was evaluated at its first level of entry into the model. * Denotes a significant 

difference at the level of .05. For the interactions at step two, a * indicates a significant 

difference between the first and second model evaluated at a χ
2

CV = 3.84, df = 1. R
2

NS= 

Nagelkerke R
2
. Values for η

2 
were calculated using the conversion formulas discussed in Chinn 

(2000) and Tabachnick and Fidell (2007). 

 

Experiment 1 Discussion 

 

 Experiment 1 set out to disentangle the influences of three factors—problem difficulty, 

numeracy, and the use of different numerical formats— as putative contributing factors behind 

the findings of Peters et al. (2006) and Chapman and Liu (2009).  The results from Experiment 1, 

however, failed to replicate findings from both previous studies in important respects. Regarding 
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the first of these previous studies, the newly created risk assessment question did not produce 

any main effects for number format or for numeracy level. The risk ratings by all four groups 

were strikingly uniform, with the largest mean difference being only 0.22 in a sample with a total 

standard deviation of 1.33.   Regarding the latter of these studies, the cumulative probability 

problems did not produce results similar to those found by Chapman and Liu (2009) in their 

Bayesian reasoning problems, and in particular neither cumulative probability problem found the 

interaction critical for their hypothesis.  

These results cast doubt upon both the fluency hypothesis (that low numeracy people are 

differentially helped by frequency formats) and the threshold hypothesis (that high numeracy 

people are differentially helped by frequency formats).  The results are, however, largely 

consistent with the frequency hypothesis; there was a consistent facilitation due to the use of 

frequencies across both high and low numerical literacy participants.  The fact that Experiment 1 

failed to find two results that are in prior published studies led to a second study to determine if 

the current results could be spurious (or if prior results were spurious), and to seek out alternative 

possible explanations.  An initial set of potential alternate explanations were explored in 

Experiment 2: 

 

1. The original Peters et al. (2006) experiment was administered via paper and pencil. 

Because Experiment 1 was administered on a computer, the results may have been 

influenced by the presentation medium. 

2. The newly created Automobile risk question may have been somehow structurally 

different than the Peters et al. risk question. The latter has been shown to provide 

some consistency in results whereas the former debuted in Experiment 1.  

3. The cumulative probability tasks, although thematically and computationally very 

similar to Bayesian reasoning tasks (and subject to the same reasoning of the 

threshold hypothesis), may be somehow different in performance characteristics. 

 

Experiment 2 

 

 Because Experiment 1 produced results surprisingly inconsistent with prior research, the 

main goal of Experiment 2 was to determine if several alternative explanations could account for 

the present findings.  Towards that end, Experiment 2 was designed not only to replicate the 

findings of Experiment 1, but also to include tasks that closely replicate the prior studies’ 

materials. 

 

Experiment 2 Method 

 

Participants. Participants in Experiment 2 consisted of 163 undergraduate students (89 

males (54.6%) and 74 females (45.4%), with a mean age of 19.71 (SD = 2.96)).  The recruitment 

for participants were the same as in Experiment 1.  

 

Materials. The tasks used in Experiment 1 (i.e., the Hill/Brase automobile risk question, 

the two intermediate difficulty tasks, and the two cumulative probability items) were converted 

to a paper and pencil format, as was the Lipkus et al. (2001) numerical literacy measure.  To 

these were added the original Peters et al. (2006) risk question and the two Chapman and Liu 
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(2009) Bayesian reasoning problems (full text in Appendix B).
2
  Each participant received a 

booklet containing all these measures. Four versions of the booklet were created in response to 

the emergence (in prior pilot testing) of an apparent order effect for the two risk rating questions 

(i.e., Hill/Brase, and Peters et al.). The four versions were constructed such that questions 

alternated between frequency and probability format, and whether the Hill/Brase or Peters et al. 

risk question appeared first on the questionnaire. For example, Forms 1 and 2 had the Hill/Brase 

question appear first, while Forms 3 and 4 had the Peters et al. question appear first. Further, 

Forms 1 and 3 contained the same question formatting while Forms 2 and 4 contained formatting 

opposite that of Forms 1 and 3. All Forms contained the same version of the Lipkus et al. (2001) 

General Numeracy Scale, located at the end of the questionnaire. In essence, this constituted a 2 

by 2 fully crossed design with number format and problem order as the two factors.  

 

Procedure. Experiment 2 was administered to groups of up to twenty participants in a 

medium-sized classroom. Upon arrival, participants were given a packet containing the materials 

described above. Pencils were made available, and all participants were informed that they were 

not to use calculators—including their cellular phones, but they could use the margins of the 

packet to calculate answers if necessary. Participants were given one hour to complete the 

packet, and none of the participants needed more than one hour to finish the packet of questions. 

When finished, participants were offered a debriefing sheet about the nature of the study and 

with the researchers’ contact information. 

 

Experiment 2 Results 

 

 Just as Experiment 1, Numeracy Level—as determined by GNS score—was 

dichotomised by way of a median split. All of the questions, except the risk rating questions, 

were analyzed using a two-step hierarchical logistic regression with the same stepping procedure 

as described in Experiment 1. For the two risk rating questions (Hill/Brase and Peters et al.) the 

order was also analyzed as a between subjects factor due to the previously mentioned potential 

order effects. Although there were significant order effects for both the Hill/Brase and Peters et 

al. risk assessment questions (see Table 3), the order factor did not interact with any other 

factors, thus allowing for the possibility of treating the order factor as a covariate. The risk rating 

questions were analyzed using a three step hierarchical linear regression with Order entered at 

Step 1, Numeracy Level and Number Format at Step 2, and the interaction term of Numeracy 

Level and Number Format at Step 3. No order effects were found in the other questions in the 

questionnaire packets, allowing for the general two step regression procedure in the analyses of 

other questions. 

 

Risk rating questions. Controlling for Order, the Automobile risk rating item found—in 

contrast to Experiment 1—a significant main effect for Numerical Literacy, and the Mr. Jones 

rating item found a marginal main effect for Numerical Literacy. In both cases, this result was 

due to low numerates rating the scenario as involving more risk than high numerates (see Table 

                                                 
2
 The “Apartment” problem from Experiment 1 was modified for Experiment 2. It was found that an unintended 

trend was present in probabilities and frequencies presented in the initial installment of the problem such that the 

probabilities increased, i.e., .25, .30, .35, leading participants to possibly assume that the missing probability was 

.40. A probability of .40 would of course make the total probabilities exceed 1.00. As this mistake may have 

introduced uninteresting confounding effects, the same problem was modified for Experiment 2 (see Appendix B). 
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5). For both risk rating questions there was no significant main effect of Number Format and no 

significant interaction between Number Format and Numerical Literacy (Table 3). 

 

 

Table 5 

 

Descriptive Statistics for Performance on Math-Based Problems, Experiment 2 

 

 Low Numerate High Numerate 

 

                        

Problem (Type)  

 

Probability 

 

Frequency 

 

Probability 

 

Frequency 

Automobile  

(risk rating) 

3.19 (1.22) 3.48 (1.37) 2.79 (1.25) 3.04 (1.40) 

Mr. Jones
a
 

(risk rating) 

2.58 (1.32) 2.65 (1.16) 2.50 (1.38) 2.11 (0.95) 

Virus  

(cumulative probability) 

14% 25% 40% 34% 

English class  

(cumulative probability) 

8% 52% 60% 70% 

Medical Problem
b
 

(Bayesian reasoning) 

0% 0% 4% 11% 

New Brunswick
b
 

(Bayesian reasoning) 

0% 8% 4% 34% 

Apartment  

(subtraction) 

33% 35% 62% 43% 

Gun control states 

(extrapolate from sample) 

28% 32% 39% 62% 

         N           37                        33                        47                      46 
 

a
 Originally used by Slovic, Monahan, and MacGregor (2000), then Peters, Västfjäll, Slovic, 

Mertz, Mazzocco, and Dickert (2006) 
b
 Originally used by Chapman and Liu (2009) 

 

Note. Ratings are means with standard deviations in parentheses. Other numbers are percentage 

correct. Tasks with objective correct answers are sorted in order of difficulty as determined by 

overall percentage correct. 

 

 

The lack of main effects for Number Format and the lack of an interaction specifically 

showing low numerical literacy individuals being more influenced by numerical format are 

inconsistent with prior findings of Peters et al. (2006).   

 

Cumulative probability problems. Performance on the cumulative probability problems 

was in some ways similar to the performance found in Experiment 1, but the statistical results 

were fairly different; an apparent paradox we will address after reporting the analyses. For the 
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English class cumulative probability problem significant main effects were found for Numeracy 

Level and for Number Format (see Table 6) just as in Experiment 1, but unlike in Experiment 1 

there was also a significant interaction between Numeracy Level and Number Format. The Virus 

problem yielded only a main effect for Numeracy Level and no main effect for Number Format 

or significant interaction. Looking at the performances for different conditions (Table 5) and 

comparing these to the results of Experiment 1 (Table 2), what becomes apparent is that the key 

difference is that people high in numerical literacy did much better with probability format 

information in Experiment 2 as compared to that same set of conditions in Experiment 1. 

In any event, the significant interaction found for one of these cumulative probability 

tasks is not supportive of the threshold hypothesis (i.e., that frequencies differentially help high 

numeracy people), because this interaction is driven by the difference in performances across 

frequency/probability format presentations for participants low rather than high in numerical 

literacy. 

 

 Bayesian reasoning questions. To identify correct answers on the Bayesian reasoning 

problems we used the same scoring method as Chapman and Liu (2009), allowing answers 

within roughly 1% point to be coded as correct. Despite this, some potential analysis problems 

arose with the Bayesian reasoning problems due to empty cells. Specifically, none of the low 

numerates correctly answered the Medical problem irrespective of the number format, thus 

creating two empty cells. Also, no low numerates receiving the probability version of the New 

Brunswick problem correctly answered the question. Empty cells in logistic regression can create 

severe estimation problems when approximating statistics such as chi squared (e.g., Brown & 

Fuchs, 1983). To help remedy this problem Agresti (1990) suggests adding a constant (e.g., 1) to 

each cell in the contingency table. For analysis of both of the Bayesian reasoning problems in 

Experiment 2, therefore, the constant of 1 was added to each of the four cells in the contingency 

table.  

Both of the Bayesian reasoning questions in Experiment 2 found significant main effects 

for Numeracy Level (see Table 6), as was found in Chapman and Liu (2009). Unlike in Chapman 

and Liu, only the New Brunswick problem showed a main effect for Number Format, and neither 

problem showed the significant interaction characterizing the prior results and motivating their 

argument against the frequency hypothesis. However, results from both Bayesian reasoning 

problems in Experiment 2 show a similar pattern of performance when compared to those 

reported by Chapman and Liu. 

 

Intermediate statistical reasoning problems. The Gun Control problem yielded results 

consistent with those of Experiment 1. Specifically, there was a main effect for Numeracy Level 

and a marginal main effect for Number Format (Experiment 1 found a significant main effect for 

Number Format). Also consistent with Experiment 1 was the lack of significant interactions 

between Number Format and Numeracy Level. Performance on the Apartment problem showed 

a significant main effect for Numeracy Level but not for Number Format, results opposite those 

found in Experiment 1. Again however, and consistent with the results in Experiment 1, there 

was not a significant interaction between Number Format and Numeracy Level (Table 6).  
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Table 6 

 

Logistic Regression Results for Correct/Incorrect Response Questions, Experiment 2 

                                                                 

Problem               Step Factor        R
2

NS                 Wald χ
2
             η

2
  Power                 

English Class   1 —       .24*  —          —     — 

  Numeracy (N)        —                   19.92*         .17               .76  

  Format (F)        —                   10.60*         .09               .51 

   2 —       .29* —          —                 — 

  N x F        —                     6.22*         .24    .90  

Virus Problem   1 —       .06* —          —                 — 

  Numeracy (N)        — 6.02*         .06                .37 

  Format (F)        — 0.03       <.01                .05 

   2 —       .07 —          —                 — 

  N x F        —                    1.69         .07    .41  

Apartment    1 —       .06* —          —                 — 

  Numeracy (N)        —                    5.04*         .04                .26 

  Format (F)        —                    1.82         .01                .12 

   2 —       .07 —          —     — 

  N x F        — 1.77         .06    .34  

Gun Control   1 —       .08* —          —                 — 

  Numeracy (N)        — 6.87*         .06                .35 

  Format (F)        — 3.76         .03                .21 

   2 —       .09 —          —                 — 

  N x F        — 1.11         .04    .25  

New Brunswick   1 —       .21* —          —                 — 

  Numeracy (N)        — 6.64*         .13    .65 

  Format (F)        —                   11.04*         .22                .87 

   2 —       .22 —          —                 — 

  N x F        — 0.31         .04    .26  

Medical Problem   1 —       .07 —          —                 — 

  Numeracy (N)        — 2.58         .11    .59 

  Format (F)        — 1.00         .03    .22 

   2 —       .07 —          —                 — 

  N x F        — 0.17         .03    .23  

 

Note. Each factor was evaluated at its first level of entry into the model. * Denotes a significant 

difference at the level of .05. For the interactions at step two, a * indicates a significant 

difference between the first and second model evaluated at a χ
2

CV = 3.84, df = 1. R
2

NS= 

Nagelkerke R
2
. Values for η

2 
were calculated using the conversion formulas discussed in Chinn 

(2000) and Tabachnick and Fidell (2007). 
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Experiment 2 Discussion 

 

The goal of Experiment 2 was to replicate and hopefully clarify the nature of some 

findings from Experiment 1.  It was partially successful in this goal, but it also raised still further 

questions.  The results found by Peters et al. (2006) did not replicate for a second time, despite 

using the exact same question, same presentation medium, and a similar participant sample. 

Furthermore, the failure to find this phenomenon is not an isolated result (it replicates the finding 

in Experiment 1), it does not appear to be due to the specific context story presentation, it is not 

due to the procedural modus operandi of the study (e.g., paper and pencil versus on computer), 

and the samples used in this and previous work (undergraduate psychology students) are very 

consistent. An increasingly likely explanation is that the fluency hypothesis and its vividness 

explanation—that low numeracy individuals are more prone to being swayed by the vividness of 

frequencies relative to probabilities—is not as robust as initially believed.
3
 

The cumulative probability tasks produced slightly different results across Experiments 1 

and 2, particularly for high numerical literacy participants who were given probability format 

information.  Indeed, there are indications that this combination of conditions was idiosyncratic 

across several of the tasks in this experiment. Still, the lack of an interaction on these cumulative 

probability problems fails to lend support for the Chapman and Liu “threshold” hypothesis. In 

fact, the only interaction found thus far—an interaction on the English class cumulative 

probability problem—was in the opposite pattern from that predicted by the hypothesis based on 

Chapman and Liu, and instead consistent with the pattern described by Peters et al. (2006).  

In Bayesian reasoning problems, it is important for the stories of the word problems to 

present information in a way that is analogous to the way a person would encounter it in the 

natural world—natural sampling of frequencies. However, in the risk assessment problems, the 

person only needs to be able to understand the single piece of information being presented to 

them concerning a specific risk (1 in 10 or 10%). Participants do not need to combine or compute 

anything substantial. However, for both tasks, frequency information—not probability—should 

elicit the strongest responses. Specifically, it would be expected that frequency formatted 

information should elicit higher assessments of risk, regardless of numerical literacy level. This 

is simply not found. Although this is not a definitive result in itself, the results are clearly not 

supportive of past research.   

Despite a lack of statistical significance, further examination of the trends for both 

Bayesian reasoning problems (see Table 5) might seem to indicate an interaction between 

Number Format and Numeracy Level. One possible explanation for the null finding is that a lack 

of statistical significance may be the result of empty cells in the logistic regression, which could 

be interpreted as a floor effect (i.e., no, or few, participants correctly answered the problem). 

                                                 
3
 In personal communication with Ellen Peters (2011), it was brought to our attention that one potential confound of 

the risk assessment measures was that some of our items were being presented prior to the risk assessment items. 

Because each individual’s risk rating is based on some affective response to the risk associated with the vignette’s 

information, it is important that each participant answer the risk assessment question in isolation from other 

potentially confounding affect-eliciting stimuli (e.g., our cumulative probability, or Bayesian reasoning problems). 

Experiments 1 (and 3) in the current study used a random ordering of questions for each participant. However, 

Experiment 2 comprised four forms, two of which contained the Mr. Jones problem (e.g., Peters et al.) as the first 

item on the questionnaire. Thus, Peters’ explanation could be tested. Results from an analysis of only the forms 

containing the Mr. Jones problem in the first position showed results consistent with the other two experiments, and 

with the initial results from Experiment 2—a null effect for Number Format, Numeracy Level, and the interaction 

characterizing the fluency hypothesis. 
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These data are qualitatively similar to those of Chapman and Liu (2009). It could be that the 

interaction found by Chapman and Liu, compared to the lack of one in the present study’s 

experiment 2, was a mere by-product of the floor effect found with these types of difficult 

Bayesian reasoning problems.  

The significant interaction effect for the English Class problem—a cumulative 

probability task—is consistent with the pattern of results obtained by Peters et al. (2006). The 

trend for the Bayesian reasoning problems used by Chapman and Liu (2009) was also found, 

despite not being statistically significant. These patterns collectively may hint that the 

mechanism for these differing results is some threshold of problem difficulty. The performance 

on the English class problem was 49%, compared to performance on the two Bayesian reasoning 

problems of 13% and 4%. In fact, the English class problem yielded the best overall performance 

of all the tasks in Experiment 2, whereas the two Bayesian reasoning problems was the most 

difficult for participants to correctly answer. 

Regarding the legitimacy of the frequency effect, out of the six problems with objective 

correct answers—the problem type most associated with the frequency effect—a main effect of 

Number Format was found for two problems (English Class, New Brunswick). Despite a lack of 

statistical significance, and perhaps indicative of a weak effect, marginal significance was found 

for one problem (Gun Control), and an additional problem displayed a frequency effect trend 

(Medical Problem).  

 

 

Experiment 3 

 

 Across two experiments, results failed to support the fluency hypothesis proposed by 

Peters et al. (2006), including a study using the original “Mr. Jones” problem.  Cumulative 

probability problems showed some consistency across the two experiments in that performance 

on both problems was significantly influenced by Numeracy Level. Further, the English Class 

problem showed a significant frequency effect in both experiments, with an isolated Number 

Format-Numeracy Level interaction in Experiment 2. Results from one of the intermediate 

problems showed some consistency, with the Gun Control problem displaying significant or 

marginally significant effects for both Number Format and Numeracy Level across two 

experiments. 

 The Bayesian reasoning problems in Experiment 2, which were taken from Chapman and 

Liu (2009), failed to replicate the interaction effect crucial for their threshold hypothesis.  Clear 

interpretation of these results posed some problems, however, because performance on these 

problems showed floor effects that may have created misleading results. To examine whether the 

results of the Bayesian reasoning problems could support the threshold hypothesis, if only the 

floor effects were removed, the original Chapman and Liu problems were modified to be easier 

to solve. This modification (see Appendix C), if effective in removing the floor effects, may shed 

light on whether the interaction found by Chapman and Liu, is valid or not. 

 

Experiment 3 Method 

 

Participants. A total of 197 undergraduate students (70 males (35.5%) and 127 females 

(64.5%), with a mean age of 18.24 (SD = 0.60)) were recruited and received inducements in the 

same manner as in Experiments 1 and 2.  
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Materials. The same questions as used in Experiment 2 were again used in Experiment 3, 

with the exception of the Chapman and Liu (2009) Bayesian reasoning problems which were 

modified to be slightly less difficult. (The numbers in the Medical problem were simplified so 

they all ended in zeros, and the numbers in the New Brunswick problem were modified so that 

the overall reference class was reduced by a factor of 10.) 

  

Procedure. Because there appeared to be no effects due to the presentation medium in 

Experiment 2, the procedure of the study was moved back to the MediaLab software just as in 

Experiment 1. As before, participants were instructed to use the scratch paper to solve math 

problems, and were not permitted to use calculators or cellular phones. 

 

Experiment 3 Results 

  

The same dichotomizing procedure used in Experiments 1 and 2 was used for the GNS 

scores in Experiment 3. Order effects for the risk rating questions were not an issue because all 

questions were randomised within a given session. As such, the analytical and stepping 

procedures for all analyses in Experiment 3 were consistent with those used in Experiment 1. 

  

Risk rating questions. Results from the Automobile problem showed a significant main 

effect for Number Format but not for Numeracy Level. The interaction term was again not 

statistically significant in the model (see Table 3). Results from the Mr. Jones problem showed a 

lack of significant main effects for both Number Format and Numeracy Level, in addition to no 

significant interaction term, this for the third time (for trends see Table 7).  

 

Cumulative probability problems. Consistent with Experiments 1 and 2 the English 

Class problem showed significant main effects for both Numeracy Level and Number Format 

(see Table 8). Also, consistent with Experiment 1 but not 2, there was no significant interaction 

between Number Format and Numeracy Level. The Virus problem showed a significant main 

effect for Numeracy Level, a result consistent with the findings in Experiments 1 and 2. The 

Virus problem also showed a significant main effect for Number Format, but the interaction 

between Number Format and Numeracy Level was again not statistically significant.    
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Table 7 

Descriptive Statistics for Performance on Math-Based Problems, Experiment 3 

 

 Low Numerate High Numerate 

 

Problem (Type) 

 

Probability 

 

Frequency 

 

Probability 

 

Frequency 

Automobile  

(risk rating) 

3.95 (1.32) 4.34 (1.30) 3.95 (1.32) 4.43 (1.32) 

Mr. Jones
a
 

(risk rating) 

3.14 (1.34) 3.32 (1.17) 3.15 (1.16) 3.05 (1.30) 

Virus  

(cumulative probability) 

3% 22% 20% 36% 

English class  

(cumulative probability) 

4% 53% 26% 78% 

Medical Problem
b
 

(Bayesian reasoning) 

0% 2% 0% 19% 

New Brunswick
b
 

(Bayesian reasoning) 

2% 3% 13% 20% 

Apartment  

(subtraction) 

20% 22% 59% 49% 

Gun control states 

(extrapolate from sample) 

26% 24% 47% 49% 

         N             59                        50                        41                      47 
 

a
 Originally used by Slovic, Monahan, and MacGregor, (2000) then Peters, Västfjäll, Slovic, 

Mertz, Mazzocco, and Dickert (2006) 
b
 Modified versions of the problems originally used by Chapman and Liu (2009) 

 

Note. Ratings are means with standard deviations in parentheses. Other numbers are percentage 

correct. Tasks with objective correct answers are sorted in order of difficulty as determined by 

overall percentage correct. 
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Table 8 

 

Logistic Regression Results for Correct/Incorrect Response Questions, Experiment 3 

                                                                 

Problem               Step Factor        R
2

NS                 Wald χ
2
             η

2
  Power                  

English Class   1 —       .39*                    —         —     — 

  Numeracy (N)       —                    13.82*         .14                 .76  

  Format (F)       —                    43.70*         .35                .99 

   2 —       .40  —         —     — 

  N x F       — 1.05                .06     .45  

Virus Problem   1 —      .15*  —         —                  — 

  Numeracy (N)       — 7.19*         .08     .52 

  Format (F)       — 9.61*         .11                 .67 

   2 —      .16 —         —     — 

  N x F       — 1.73         .11     .65  

Apartment    1 —      .15* —         —                  — 

  Numeracy (N)       —                   21.20*         .14                 .78 

  Format (F)       —                     0.27       <.01                 .06   

   2 —      .15 —         —                  — 

  N x F       —                     0.58         .01     .17  

Gun Control   1 —      .08* —         —                  — 

  Numeracy (N)       —                   10.89*        .07                  .50             

  Format (F)       —                   <0.01      <.01                  .05 

   2 —      .08 —         —                  — 

  N x F       — 0.11      <.01     .07  

New Brunswick   1 —      .14* —         —                  — 

  Numeracy (N)       —                     8.77*        .23                  .93 

  Format (F)       —                     0.93        .02                  .18 

   2 —      .14 —         —                  — 

  N x F       —                   <0.01      <.01     .05  

Medical Problem   1 —      .19* —         —                  — 

  Numeracy (N)       —                     5.29*        .16                  .82 

  Format (F)       —                     5.73*        .22                .92 

   2 —      .20 —         —                  — 

  N x F       —                     0.83        .15     .79  

 

Note. Each factor was evaluated at its first level of entry into the model. * Denotes a significant 

difference at the level of .05. For the interactions at step two, a * indicates a significant 

difference between the first and second model evaluated at a χ
2

CV = 3.84, df = 1. R
2

NS= 

Nagelkerke R
2
. Values for η

2 
were calculated using the conversion formulas discussed in Chinn 

(2000) and Tabachnick and Fidell (2007). 
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Bayesian reasoning problems. Recall that the Bayesian reasoning problems used by 

Chapman and Liu (2009) and in the present paper’s Experiment 2 seemed to show a floor effect. 

This floor effect makes both analyses and interpretation of the results problematic. In an attempt 

to remedy this floor effect the two Bayesian reasoning problems were slightly modified to make 

them somewhat less difficult (see Appendix C). Unfortunately, trends from the two Bayesian 

problems in Experiment 3 (Table 7) did not show increased performance when compared to 

performance on the unmodified problems in Experiment 2 (Table 5), suggesting that the floor 

effect was not entirely removed. Indeed, there were empty cells once again, although fewer than 

in Experiment 2. To remedy the potential analysis problems associated with empty cells, the 

procedure outlined in Experiment 2 (adding a constant to all cells) was used again. For the New 

Brunswick problem there was a significant main effect for Numeracy Level but nothing else, a 

result consistent with the main effect found in Experiment 2. However, unlike Experiment 2, 

there was not a significant main effect for Number Format. Regarding the Medical Problem, 

there were significant main effects for both Numeracy Level and Number Format, but not a 

significant interaction. These significant results were not present in Experiment 2 although the 

general trend seemed to be present (see Table 5).  

  

Intermediate statistical reasoning problems. The two intermediate statistical reasoning 

problems (Apartment and Gun Control) showed the same results in Experiment 3. These results 

were exact replications of the results found in Experiment 2 and similar to those found in 

Experiment 1. Specifically, both problems found main effects only for Numeracy Level, with no 

significant main effect for Number Format and no significant interaction term (see Table 8). 

 

Experiment 3 Discussion 

 

 The goals of Experiment 3 were to again assess if the prior published findings would fail 

to replicate again, and to hopefully remove the floor effects from the Chapman and Liu (2009) 

Bayesian reasoning problems.  The repeated replication of these null findings are important both 

because it is contrary to published results and because of the theoretical implications.  The floor 

effects found with the Chapman and Liu (2009) tasks are a potential confound in any 

interpretation of effects for these problems.  Overall, the results of Experiment 3 followed 

closely the results of Experiments 1 and 2 – unfortunately including floor effects on the Bayesian 

reasoning task performance. 

The overall performance on these Bayesian reasoning problems did not dramatically 

change from Experiment 2 to Experiment 3. In turn, the results found in Experiment 3 again did 

not show the interaction found by Chapman and Liu. This lack of a change from Experiment 2 to 

3 also sums up results from the other problems. Again, for the third time, no consistent 

interactions were found on the utilised problems. This lack of significant interactions represents 

failures to support either the “fluency” hypothesis (Peters et al., 2006) or the “threshold” 

hypothesis (Chapman & Liu, 2009).  On every cumulative and Bayesian reasoning task, the 

frequency version of the task produced better performance than the probability version.  Three of 

these frequency effects were statistically significant frequency effects (see Table 8).  Frequencies 

did not seem to be as differentially helpful in one of the less difficult tasks (the Apartment 

problem); a topic we will explore in the general discussion. 
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General Discussion 

 

 This study set out to shed some light on a three-way conflict in the literature regarding 

the nature of an interaction between numerical literacy (numeracy) and number format 

(frequency or probability). Some previous research had shown that individuals can consistently 

perform well on Bayesian reasoning problems when they are given information in naturally 

sampled frequencies (e.g., Cosmides & Tooby, 1996; Gigerenzer & Hoffrage, 1995). The 

evolutionary explanation for this “frequency effect” suggests an effect that should be fairly 

consistent across different populations.  Chapman and Liu (2009) called this frequency 

hypothesis into question, suggesting that there was an interaction between numerical literacy and 

number format; specifically that the frequency effect only occurs in a subset of highly numerate 

participants.  A third position was developed in Peters et al. (2006), who found an interaction 

driven by low numerates when presenting participants with frequencies or probabilities in a risk 

assessment scenario. These contrasting results led to three distinct hypotheses (see Table 1), each 

proposing a different pattern of results. Thus, entering into the present research there were clear, 

different predictions made by each hypothesis. Findings consistent with one of these predictions 

would give support for its respective hypothesis. 

 

Evidence for the Fluency Hypothesis 

   

Evidence for the fluency hypothesis would have been characterised by an interaction 

between Number Format and Numeracy Level similar to that reported by Peters et al. (2006): an 

interaction with low numeracy participants differentially influenced by frequencies when rating 

perceived risk. Peters et al. explain this pattern as being the result of the “vividness” of 

frequencies eliciting a greater affective response and thus higher rated risk.  This effect does not 

appear for high numerates because these individuals are “fluent” enough with numerical 

information such that 10% and 10 in 100 elicit the same level of evaluative risk. 

 Results from three separate studies failed to support the predictions of this fluency 

hypothesis.  With a total of five risk evaluation tasks, two of which were direct replications of 

the previously used materials, no replication of the previous results were found.  There were 

clear effects of numerical literacy on performance, and there were some effects of frequencies 

generally, but no interactions for performance on these tasks.  Across all the tasks used in these 

studies, there was only one instance of an interaction result—for the cumulative probability 

“English Class” problem.  The overall conclusion is that the effects demonstrated by Peters et al. 

simply do not replicate well. This raises serious concerns about the status of the corresponding 

fluency hypothesis.   

 

Evidence for the Threshold Hypothesis 

  

Chapman and Liu (2009) found a significant interaction between Number Format and 

Numeracy Level when examining the performance of participants on two Bayesian reasoning 

problems. Noting the difference in their results from those of Peters et al. (2006), and the high 

level of difficulty associated with Bayesian reasoning problems, Chapman and Liu suggested 

that a threshold of numeracy must be met before the frequency effect occurs. This threshold 

hypothesis predicts the traditional frequency effect on difficult problems for only those 

participants high in numerical literacy.  
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 Four tasks, across both Experiments 2 and 3, failed to find the interaction predicted by 

the threshold hypothesis.  There were some main effects of numeracy and main effects of 

frequency format, but no interactions.  It was noted, however, that these Bayesian reasoning 

tasks produced very low performance levels, as they also did in the original Chapman and Liu 

(2009) research.  The difficulty of these tasks produced some conditions in which no participants 

reached the correct answers, and this situation makes interpretation of the results questionable.  

 A set of slightly less difficult tasks were also investigated in all these experiments. These 

cumulative probability problems (six tasks, across three experiments) also showed no significant 

interactions predicted by the threshold hypothesis, casting doubt on the possibility that floor 

effects were concealing latent interactions.   Considering both the Bayesian and cumulative 

probability tasks, there were ten opportunities for the threshold hypothesis predictions to bear 

out, and in none of these cases was the predicted interaction found.  Specifically, there was only 

one interaction on any of these problems, and that interaction was in the opposite direction of 

what was predicted by the threshold hypothesis. 

 

Evidence for the Frequency Hypothesis 

  

Previous studies have shown significant interactions between numerical literacy and 

number format (e.g., Chapman & Liu, 2009; Peters et al., 2006), and these findings led to 

questions about the generalizability of the frequency effect and its evolutionary explanation, here 

labeled the frequency hypothesis (Cosmides & Tooby, 1996; Gigerenzer &  Hoffrage, 1995). In 

short, interactions between numerical literacy level and frequency facilitation would indicate 

limits to the frequency hypothesis that would be difficult to incorporate into what is purported to 

be a species-typical, reliably developing adaptation.  In other words, the frequency effect should 

be present to some extent for all modern humans, and one should not find strong interactions 

such that only those high (threshold hypothesis) or low (fluency hypothesis) in numerical literacy 

show the frequency effect.  

  

Potential limitations of statistical power. Some of the null results indicated in these 

series of studies could be interpreted as artefacts of low statistical power. This interpretation 

could then argue that the current set of studies do not actually contradict the threshold hypothesis 

or the fluency hypothesis. Rather, low statistical power in our studies would invalidate a strong 

case against those respective positions. To answer the question of power, a series of power 

analyses were performed using G*Power 3.1.2 (Faul, Erdfelder, Buchner, & Lang, 2009). Using 

the effect sizes (R
2
 for multiple regression and lnOR for logistic regression), the statistical power 

was computed for each separate analysis performed throughout this paper. Generally a value of 

.80 is considered sufficient power. The values for statistical power can be seen in the tables for 

each respective analysis. It should also be mentioned however that the value of post-hoc power 

analyses is often viewed as highly questionable and of little to no utility (Hoenig & Heisey, 

2001).   

Interactions between number format and numerical literacy were not found.  On the other 

hand, a somewhat consistent finding across the tasks of the three experiments was the 

observation of significant main effects and trends consistent with the frequency effect. 

Disregarding the risk rating questions, there were 16 total problems spread across the three 

experiments, and thus 16 possible observations of the frequency effect. In those 16 problems, 8 

(50%) showed a significant main effect for Number Format, indicative of a frequency effect. In 



Hill & Brase (2012)   26 

 

three other instances a clear, but not statistically significant, frequency effect trend was present 

(Virus problem, Exp. 1; Gun Control, Exp. 2, New Brunswick, Exp. 3).   Averaging across all 

sixteen of these tasks, the average percentage gain in performance from using frequencies was 13 

points.  Performance on every task was improved with the use of frequencies, with the single 

exception of the “Apartment” task (excluding that task, the frequency effect improvement is 17 

points). 

The lack of a frequency effect for the Apartment task (and the floor effects for the 

Bayesian reasoning tasks) raises interesting issues about the nature and extent of the frequency 

effect.  The use of frequencies is clearly not a magic panacea that cures all numerical 

understanding issues, and further work is needed to clarify exactly when frequencies should be 

helpful and when they will not. With regard to this, a number format by task interaction may 

illuminate some of the results. A number format by task interaction was assessed using a two 

step logistic regression task with number format entered at step one and the interaction term 

entered at step two. Because tasks, and therefore their difficulty, were within subjects, the 

direction of the task difficulty variable was determined by examining overall performance. Thus, 

in Study 1, the English class problem was labelled as easiest, followed by the Gun Control, 

Apartment, and Virus problems, in increasing order of difficulty. Therefore, if the frequency 

effect is in fact moderated by problem difficulty, an significant interaction should be observed, 

characterized by decreasing benefit as the task difficulty increases. This is, in fact, what was 

observed in analyses for all three studies (Figures 1a-c). This task by format interaction was 

statistically significant for Studies One (Δχ
2
 (3, N=1,076) = 16.85, p < .05), Two (Δχ

2
 (5, N=972) 

= 19.85, p < .05), and Three (Δχ
2
 (5, N=1,182) = 42.72, p < .05). While there does seem to be a 

clear task by format pattern for Study One, other studies present less clear relationships. For 

Experiment One, it appears as though the “benefit” of having numbers in a frequency format 

diminishes as the problem difficulty increases. However, a frequency effect does seem somewhat 

robust to even problem difficulty.  Even the more difficult problems (problems with lowest 

overall percentage correct) show main effects for number format consistent with the frequentist 

hypothesis: 26% correct (Apartment Problem; Experiment One), 13% correct (New Brunswick; 

Experiment Two), and 5% correct (Medical Problem; Experiment 3). 

A final possibility is that of a three way interaction (Numeracy by Number Format by 

Task Difficulty), Studies One (Δχ
2
 (3, N=1,076) = 1.42, p > .05), Two (Δχ

2
 (5, N=972) = 6.39, p 

> .05), and Three ((Δχ
2
 (5, N=1,182) = 3.51, p > .05) found no significant improvement from 

step 2 (all two way interactions) to step 3 which included the three way interaction. In short, the 

two way interaction previously described does not seem to be moderated by numeracy level. 
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(a) 

(b) 

(c) 

 

Figure 1. Graphs a-c represent the number format by task difficulty interaction for experiments 

1, 2, and 3 respectively. Significant differences—as mentioned within the text of the paper—are 

denoted by an *. Overall difficulty of problems is ordered as increasing from left to right in all 

graphs. 
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In summary, there was little support for either the threshold hypothesis or the fluency 

hypothesis across multiple tasks and across three experiments. There was, however, some 

support for a straight frequency effect. These results collectively lend some support to the 

frequency hypothesis (Cosmides & Tooby, 1996; Gigerenzer & Hoffrage, 1995) and its 

evolutionary rationale.  However, the results also do not offer a definitive statement regarding 

the other explanations. The clearest interpretation of the data in these three experiments is that 

the debate is far from over regarding the legitimacy of varying explanations of the frequency 

effect.  While there is room for various hypotheses, the clearest and most parsimonious 

explanation for the frequency effect and its robustness is that the mind is simply designed to use 

frequencies as inputs, and produce frequencies as outputs.  The human mind evolved in an 

environment rich in frequency-formatted information. If the human mind is designed to 

“rationally” reason about the relationships between events, the cognitive mechanisms will be at 

their best when the inputs are also in a frequency format.  
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Appendix A: Text of tasks developed for Experiment 1 

 

Note. The first questions are risk assessment questions with overall mean and standard deviation 

information next to the question title. Following the two risk assessment questions, the remaining 

questions are listed in order of difficulty beginning with the most difficult problems. The number 

in parentheses represents the percentage of participants who correctly answered the question in 

Experiment 1, collapsing across numeracy level and number format. The frequency version of 

each question is presented below, with the probability format information in brackets. 

 

Automobile risk rating (M = 3.57, SD = 1.33) 

Recently a major automobile manufacturer released its newest vehicle. You are interested in 

possibly buying it. Unfortunately, due to the economic situation the manufacturer made some 

cuts in safety testing. You are a little apprehensive about buying this car so you consult with a 

trusted friend. Your friend works in the safety research department for the manufacturer and tells 

you the following: 

Of every 300 cars manufactured at the plant, 45 [15%] are estimated to have insufficient safety 

features that may increase the likelihood of fatality in a severe collision. 

Please circle the level of risk associated with buying and driving away in a new car from this 

manufacturer, as you understand it. 

       1.                   2.                    3.                   4.                   5.                     6.   

Low Risk              High Risk 

 

Virus problem (14%) 

Researchers from the Center for Disease Control (CDC) have recently discovered a new strain of 

the virus EAV. The CDC predicts that this “extremely aggressive virus” will infect 600 million 

[10%] of the world population (i.e., 6 billion) the first year. Fortunately, those who were infected 

during the first year are not susceptible to infection in later years because they developed 

immunity to the virus. Some bad news arrives when the CDC predicts that vaccines will 

probably not be developed any time in the foreseeable future. This means 540 million [10%] of 

those uninfected in the first year will be infected in the second year, and 486 million [10%] of 

those uninfected in the first or second year will be infected in the third year. Assume that you are 

the lead researcher in charge of presenting to Congress the projected infection rate of the disease. 

Congress wants to know how many people in the world will have been infected between now 

and 3 years from now.  Your response to them is that ________ out of _________ [_____% of 

the world population] will have been infected within the first 3 years of the virus. 

Correct Answers: 1,626,000,000 out of 6,000,000,000 [27.1%] 

 

Apartment problem (26%) 

100 students live in an apartment complex. The frequencies [probabilities] that a certain number 

of students are living together in a single apartment are shown in the box below. 

Number of students living in any given apartment 1 2 3 4 or 

more 

Total number of students  

[Probability of any given apartment containing the 

number of students] 

25 

 

[.25] 

30 

 

[.30] 

35 

 

[.35] 

? 

How many of the students would you expect to live in groups of four or more? ______ 
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[What is the probability that a given student lives in a group of four or more? _____] 

Correct Answers: 10 [.10] 

 

Gun control states (42%) 
Results from a recent survey found that 24 out [40%] of 60 randomly sampled counties in 

Kansas were in favor of stricter gun control. Imagine you had results for all 105 counties in 

Kansas. You put the result from each county on its own paper slip, put all the paper slips in a 

bucket, and randomly draw ten counties from the bucket. Of those ten counties how many [what 

percentage] will be in favor of gun control?  

Correct Answers: 4 [40%] 

 

English class (45%) 

Suppose you are teaching an English class of 100 students. You give a difficult pass-or-fail quiz 

to the students. You have observed the results of this quiz for several years and know that 

approximately 10 [10%] of the students will pass the quiz the first time you administer it. 

Students who pass the quiz do not have to retake it; however, all other students must retake the 

quiz until they eventually pass it. Of the 90 [90%] who fail the quiz the first time, approximately 

9 [10%] will pass the second time. How many students will have passed the quiz after it is given 

twice?  [What percentage of students will have passed the quiz after it is given twice?] 

Correct Answers: 19 [19%] 
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Appendix B: Text of tasks developed for Experiment 2 

 

Note. The first questions are risk assessment questions with overall mean and standard deviation 

information next to the question title. Following the two risk assessment questions, the remaining 

questions are listed in order of difficulty beginning with the most difficult problems. The number 

in parentheses represents the percentage of participants who correctly answered the question in 

Experiment 2, collapsing across numeracy level, number format, and order of presentation. The 

frequency version of each question is presented below, with the probability format information in 

brackets. 

 

Automobile risk rating (M = 3.09, SD = 1.32) Same text as Experiment 1 

 

Mr. Jones risk rating (M = 2.09, SD = 0.92) 

Imagine you are a psychologist in charge of the release of Mr. Jones, one of your patients. Before 

you decide whether to release him you are given the following information: 

Of every 100 patients similar to Mr. Jones, 10 [10%] are estimated to commit an act of violence 

to others during the first several months after discharge. 

Using the scale below, please circle the level of risk that Mr. Jones would harm someone. 

        

       1.                   2.                    3.                   4.                   5.                     6.   

Low Risk              High Risk 

 

Medical problem (4%) 

The serum test screens pregnant women for babies with Down’s syndrome. The test is a very 

good one, but not perfect. Roughly 100 babies out of 10,000 [1% of babies] have Down’s 

syndrome. Of these 100 babies with Down’s syndrome, 90 will have a positive test result [If a 

baby has Down’s syndrome, there is a 90% chance that the result will be positive]. Of the 

remaining 9,900 unaffected babies, 99 will still have a positive test result [If the baby is 

unaffected, there is still a 1% chance that the result will still be positive]. How many pregnant 

women who have a positive result to the test actually have a baby with Down’s syndrome?  

______ out of ______ [ A pregnant woman has been tested and the result is positive. What is the 

chance that her baby actually has Down’s syndrome?] 

Correct Answers: 90 out of 189 [47.62%] 

 

New Brunswick problem (13%) 

100 out of 10,000 [1% of] car trips in New Brunswick result in an accident. According to police 

records, among the 100 car trips that resulted in an accident, the driver was drunk in 55 of them 

[in 55% of the car trips that resulted in an accident, the driver was drunk]. Among the 9,900 car 

trips that did not result in an accident, the driver was drunk in 500 of them [In 5% of the car trips 

that did not result in an accident, the driver was drunk]. How many car trips where the driver was 

drunk result in an accident?  ______ out of  ______. [If the driver is drunk, what is the 

probability of an accident?] 

Correct Answers: 55 out of 555 [9.91%] 

 

Virus problem (30%) Same text as Experiment 1 
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Gun control states (42%) Same text as Experiment 1 

 

 

Apartment Problem (44%) 

100 students live in an apartment complex. The frequencies [probabilities] that a certain number 

of students are living together in a single apartment are shown in the box below. 

How many of the students would you expect to live in groups of four or more?  

[What is the probability that a given student lives in a group of four or more?] 

Correct Answers: 24 [.24] 

 

English class (49%) 

Same as Experiment 1 

Number of students living in any given apartment 1 2 3 4 or more 

Total number of students 

[ Probability of any given apartment containing the 

number of students] 

28 

[.28] 

30 

[.30] 

18 

[.18] 

       ? 
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Appendix C: Text of tasks developed for Experiment 3 

 

Note. The first questions are risk assessment questions with overall mean and standard deviation 

information next to the question title. Following the two risk assessment questions, the remaining 

questions are listed in order of difficulty beginning with the most difficult problems. The number 

in parentheses represents the percentage of participants who correctly answered the question in 

Experiment 3, collapsing across numeracy level, number format, and order of presentation. The 

frequency version of each question is presented below, with the probability format information in 

brackets. 

 

Automobile risk rating (M = 4.16, SD = 1.32)  Same text as Experiments 1 & 2 

 

Mr. Jones risk rating (M = 3.18, SD = 1.24)  Same text as Experiment 2 

 

Medical problem (5%) 

The serum test screens pregnant women for babies with Down’s syndrome. The test is a very 

good one, but not perfect. Roughly 500 babies out of 10,000 [5% of babies] have Down’s 

syndrome. Of these 500 babies with Down’s syndrome, 300 will have a positive test result [If a 

baby has Down’s syndrome, there is a 60% chance that the result will be positive]. Of the 

remaining 9,500 unaffected babies, 950 will still have a positive test result [If the baby is 

unaffected, there is still a 10% chance that the result will still be positive]. How many pregnant 

women who have a positive result to the test actually have a baby with Down’s syndrome?  

______ out of ______ [ A pregnant woman has been tested and the result is positive. What is the 

chance that her baby actually has Down’s syndrome?] 

 

New Brunswick problem (9%) 

60 out of 1,000 [6% of] car trips in New Brunswick result in an accident. According to police 

records, among the 60 car trips that resulted in an accident, the driver was drunk in 12 of them 

[in 20% of the car trips that resulted in an accident, the driver was drunk]. Among the 940 car 

trips that did not result in an accident, the driver was drunk in 188 of them [In 20% of the car 

trips that did not result in an accident, the driver was drunk]. How many car trips where the 

driver was drunk result in an accident?  ______ out of  ______. [If the driver is drunk, what is 

the probability of an accident?] 

 

Virus problem (19%)  Same text as Experiments 1 & 2 

 

Gun control states (35%)  Same text as Experiments 1 & 2 

 

Apartment Problem (36%)  Same text as Experiment 2 

 

English class (39%)  Same text as Experiments 1 & 2 

 


