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Abstract

Previous research has demonstrated that Bayesian reasoning performance is improved if uncertainty information is
presented as natural frequencies rather than single-event probabilities. A questionnaire study of 342 college students
replicated this effect but also found that the performance-boosting benefits of the natural frequency presentation oc-
curred primarily for participants who scored high in numeracy. This finding suggests that even comprehension and
manipulation of natural frequencies requires a certain threshold of numeracy abilities, and that the beneficial effects of
natural frequency presentation may not be as general as previously believed.
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1 Introduction
Bayesian reasoning performance can be improved if un-
certainty information is presented as natural frequencies.
Gigerenzer and Hoffrage (1995, p. 697) argue that “an
evolutionary point of view suggests that the mind is tuned
to frequency formats, which is the information format hu-
mans encountered long before the advent of probability
theory.” Although there is some disagreement among re-
searchers about the reason why natural frequency presen-
tations facilitate Bayesian reasoning (see Barbey & Slo-
man, 2007, and subsequent commentaries), the result that
they do improve performance is well established.

In the current paper we examine whether the natu-
ral frequency presentation facilitates Bayesian reasoning
among some people more than others. One result that
suggests that it does is a study by Bramwell, West, and
Salmon (2006). They presented a Bayesian pregnancy
screening scenario to obstetricians, midwives, pregnant
women, and the women’s companions. Participants were
told the base rate of a birth defect and the hit rate and
false alarm rate of a prenatal test. They were asked to
estimate the posterior probability that, given an abnormal
test result, the baby actually has the birth defect. Ac-
curate responses were more frequent when the scenario
was presented in terms of natural frequencies rather than
probabilities. Interestingly, this effect of presentation for-
mat was limited to the obstetricians. For the other three
groups, performance was equally poor for both presen-
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tation formats. Thus, the facilitative effect of the natural
frequency format does not appear to be universal. Natural
frequencies benefit only some types of reasoners.

One factor that may help to explain this result is nu-
meracy. Numeracy skill, defined as “the ability to pro-
cess basic probability and numerical concepts” (Peters et
al., 2006), has been studied in association with a num-
ber of decision tasks because many judgments and deci-
sions rely heavily on mathematical concepts (see Reyna
& Brainerd, 2007, for a review). For example, Gur-
mankin, Baron, and Armstrong (2004) found that more
numerate people are more trusting of and more comfort-
able with a physician’s risk communication when it in-
cludes a numeric statement of risk than when it does not,
whereas less numerate people are more trusting if given
non-numeric risk statements. Peters et al. (2006) found
that, compared to their counterparts, highly numerate in-
dividuals are more likely to retrieve and use appropriate
numerical principles, thus making themselves less sus-
ceptible to framing effects in tasks involving numbers.

It is of interest to explore whether high numerates ben-
efit more than low numerates from uncertainty informa-
tion that is presented as natural frequencies rather than
single-event probabilities. In the present study, college
students solved two Bayesian reasoning problems. For
each participant, one problem was presented in a proba-
bility format and the other in a natural frequency format.
We also assessed the numeracy level of participants.

2 Method
The participants were 346 college students (44% female)
who participated in partial fulfillment for a course re-
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quirement. The study was administered as part of a longer
online survey. Each participant responded to two scenar-
ios and completed a numeracy measure.

The two scenarios each presented a Bayesian reason-
ing problem. One was a medical scenario taken from
Bramwell et al. (2006), and the other was an automobile
scenario written for this experiment. We varied presenta-
tion format of the uncertainty information across the sce-
narios. For each participant, one problem was presented
using probabilities and the other was presented using nat-
ural frequencies, as shown.

Medical scenario

Probability Version: The serum test screens
pregnant women for babies with Down’s syn-
drome. The test is a very good one, but not
perfect. Roughly 1% of babies have Down’s
syndrome. If the baby has Down’s syndrome,
there is a 90% chance that the result will be
positive. If the baby is unaffected, there is still
a 1% chance that the result will be positive. A
pregnant woman has been tested and the result
is positive. What is the chance that her baby
actually has Down’s syndrome? ______ %

Frequency Version: The serum test screens
pregnant women for babies with Down’s syn-
drome. The test is a very good one, but not per-
fect. Roughly 100 babies out of 10,000 have
Down’s syndrome. Of these 100 babies with
Down’s syndrome, 90 will have a positive test
result. Of the remaining 9,900 unaffected ba-
bies, 99 will still have a positive test result.
How many pregnant women who have a pos-
itive result to the test actually have a baby with
Down’s syndrome? _____ out of ______

Car scenario

Probability Version: 1% of car trips in New
Brunswick result in an accident. According to
police records, in 55% of the car trips that re-
sulted in an accident, the driver was drunk. In
5% of the car trips that did not result in an ac-
cident, the driver was drunk. If the driver is
drunk, what is the probability of an accident?
_______%

Frequency Version: 100 out of 10,000 car trips
in New Brunswick result in an accident. Ac-
cording to police records, among the 100 car
trips that resulted in an accident, the driver was
drunk in 55 of them. Among the 9,900 car trips
that did not result in an accident, the driver was
drunk in 500 of them. How many car trips
where the driver was drunk result in an acci-
dent? ___ out of ___.

We counterbalanced which scenario was presented in
the probability version and which in the frequency ver-
sion. Each participant completed the 11-item numeracy
scale from Lipkus, Samsa, and Rimer (2001), as shown
in the appendix. This scale tests comprehension of prob-
abilistic information.

3 Results
The mean numeracy score was 8.08 (median = 9, range 0
to 11). We used a median split to form a high-numerate
group (n=190) and a low-numerate group (n=156).

In the frequency version of each scenario, we com-
puted the ratio between the two numbers that participants
provided as the numerator and denominator requested. A
few participants (2 in the car scenario and 4 in the med-
ical scenario) gave a numerator that was larger than the
denominator. These responses were coded as missing (in
addition to one response that actually was missing).

Figures 1 and 2 show the frequency distribution of re-
sponses to each scenario in the probability and frequency
conditions for low and high numerate participants. Cor-
rect responses are marked with an asterisk. Correct re-
sponses were infrequent, with the overall level of perfor-
mance about as low as that seen in Bramwell et al. (2006)
and lower than that seen in some other studies (Brase
2008, 2009).

In the car scenario, the correct answer was 9.91% (55
out of 555)1, and response between 9.5% and 10.5% are
marked with an asterisk in Figure 1. As shown in this
figure, correct responses were rare, but were most fre-
quent among high numerate participants in the frequency
format condition. The most common incorrect response
was 55%, which is the hit rate given in the scenario. Re-
sponses less than 1% were also common, especially in the
frequency format. This was primarily due to participants
giving responses of 55 out of 10,000 (in other words, the
correct numerator, but using the entire reference class as
the denominator).

In the medical scenario the correct answer was 47.62%
(90 out of 189), and responses between 47.5% and 48.5%
are marked with an asterisk in Figure 2. Again, correct re-
sponses were rare but most frequent among high numer-
ate participants in the frequency format condition. The
most common incorrect responses were 90%, which is
the hit rate given in the scenario, and 1%, which is both
the base rate and the false positive rate given in the sce-
nario. Responses less than 1% were also somewhat com-
mon, especially in the frequency format, and primarily
the response 90 out of 10,000 (again, the correct numera-

1In the probability version of the car scenario, the correct answer
was 10.0% because the false alarm rate of 500 out of 9900 was presented
as 5%.
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Figure 1: Distribution of responses among high- and low-numerate participants in the probability and frequency
versions of the car scenario.

tor, but using the entire reference class as the denomina-
tor).

Table 1 shows the percentage of correct responses for
each scenario in the frequency and probability formats for
both low- and high-numerate participants (with correct
responses coded the same as in Figures 1 and 2). Cor-
rect responses were almost nonexistent in the probability
format. Participants gave correct responses more often in
the frequency format than in the probability format. This
effect of uncertainty format was present for both high and
low numerates, but it was especially pronounced among
the high numerate participants.

We performed a logistic regression using the dichoto-
mous coding of responses (correct/incorrect) as the de-
pendent variable. The independent variables included
probability vs. frequency format, scenario (medical or
car) and numeracy as a continuous variable. Format
and scenario were both within-subject variables, but be-

cause of the mixed design, their interaction was between-
subjects (corresponding to the counterbalance condition).
Table 2 shows the chi square and log odds ratio for
each main effect and interaction. Of primary inter-
est, there was a significant interaction between probabil-
ity/frequency format and numeracy, indicating that par-
ticipants higher in numeracy were more affected by for-
mat than were low numerate subjects. There was also a
main effect of numeracy.

4 Discussion
The current study replicated previous work in finding that
performance on Bayesian problems is better when the
problem uses a natural frequency format rather than a
probability format. The results are also in line with previ-
ous research in showing that people higher in numeracy
perform better on computational tasks. The study extends
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Figure 2: Distribution of responses among high- and low-numerate participants in the probability and frequency
versions of the medical scenario.

previous research in demonstrating that the benefits of the
natural frequency format occurred primarily for partici-
pants who were high in numeracy. This result suggests
that even comprehension of natural frequencies may re-
quire a certain threshold of numeracy abilities. Accurate
performance in the probability format was near zero for
participants of all numeracy levels, suggesting a floor ef-
fect. These Bayesian problems are obviously quite diffi-
cult for participants, and even modest levels of accuracy
are found only under the dual condition that the problem
appears in a frequency format and the participant has a
high level of numeracy.

A number of previous studies (e.g., Peters et al., 2006)
have found that numeracy is associated with performance
on decision tasks. The usual result is that high numerates
are less susceptible to framing effects than their low nu-
merate counterparts. For example, Peters et al. (2006) ex-

amined a framing effect that entailed probability and fre-
quency presentation of equivalent information. Whereas
low numerates rated a 10 out of 100 risk as larger than
a 10% risk, high numerates gave equivalent risk ratings
in these two formats. Thus, low numerates were more
influenced than high numerates by whether the format of
the risk information was probability or frequency. In con-
trast, in the present study it was high numerates who were
more influenced by whether the problem was presented as
frequencies or probabilities. The Peters et al. (2006) re-
sult is perhaps not surprising given that the ability to see
that 10% is equivalent to 10 out of 100 is central to nu-
meracy measures. Several items on the numeracy scale
ask participants to translate percentages to frequencies or
vice versa. Thus, one would expect that higher numerate
subjects would be more likely to treat 10% as equivalent
to 10 out of 100.
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Table 1: Percentage of correct responses.

High Numerates (n=190) Low Numerates (n=156)

Format Medical Scenario Car Scenario Medical Scenario Car Scenario

Probability 1% 7% 0% 1%
Frequency 27% 31% 7% 10%
χ2 value 26.38 17.17 6.86 4.73
p value <.0001 <.0001 .009a .03b

a Fisher’s Exact Test p=.01
b Fisher’s Exact Test p=.04

Table 2: Logistic regression results.

Factor χ2(1) lnOR (95%CI)a p value

Uncertainty format (UF) 3.61 −0.23 (−0.39 - −0.08) .06
Scenario (S) 0.98 0.00 (−0.21 - 0.21) .32
Numeracy (N) 17.78 0.00 (−0.00 - 0.01) .0001
UF x N 13.29 0.05 (0.01 - 0.03) .0003
UF x S 0.70 0.16 (−0.22 - 0.55) .40
S x N 0.27 0.01 (−0.02 - 0.03) .60
UF x N x S 0.68 −0.02 (−0.07 - 0.03) .41
aIn a logistic regression, the lnOR coefficient of a main effect represents the effect of that variable when the
variables it interacts with are at their reference levels. For example, the lnOR for numeracy represents the
effect of numeracy when UF = probability and S=medical. The overall effect of a variable, as reflected in
the χ2, can be found by adding the lnOR coefficients for the main effect and all interactions the variable
participated in.

What is more surprising is that the high numerate sub-
jects in the current study were more influenced by the
format of the risk information. Although probability and
natural frequency versions of a Bayesian problem could
be considered two equivalent frames, perhaps the en-
hanced performance facilitated by the frequency format
is not analogous to a framing effect. Instead, the effect of
format on performance might be more appropriately con-
sidered a decision aid or intervention to enhance com-
prehension. But here again the current results contrast
with previous studies. In a study by Peters, Dieckmann,
Dixon, Hibbard, & Mertz (2007), low and high numer-
ate adults compared hospitals by considering informa-
tion that was presented as the ratio between patients and
nurses. Among low numerate participants, comprehen-
sion and choice accuracy were better in an easier, higher-
is-better ratio format (number of nurses per 100 patients)
than in a harder, lower-is-better format (number of pa-
tients per nurse). Among high numerates, information
format had little effect. Thus, in the Peters et al. study it

was low numerates who benefited more from a presenta-
tion format designed to aid comprehension. This result is
quite the reverse of the present study which finds that it
was high numerates who benefitted more from a presen-
tation format that typically aids comprehension.

Thus, the current study is somewhat unique in demon-
strating that high numerate participants are more influ-
enced by the format of numerical information than are
low numerates. No previous study has examined the
association between numeracy and Bayesian reasoning.
Bramwell et al. (2006) found that a frequency format en-
hanced Bayesian reasoning for doctors but not for mid-
wives or patients. To the extent that doctors have higher
numeracy than midwives and patients, the Bramwell re-
sult is consistent with the current results.

The reason that the current result contrasts with previ-
ous findings may be because the Bayesian task used in the
current study is importantly different from the decision
tasks used in previous studies of numeracy. A Bayesian
problem requires participants not only to understand risk
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information but also to manipulate it to compute a con-
ditional probability. In the Peters et al. (2006, 2007)
studies, the key to accurate performance was understand-
ing the risk or other numerical information that was pre-
sented. Comprehension of the information presented led
directly to the correct answer. For example, understand-
ing what the patient-to-nurse ratio means leads directly
to the choice of the hospital with the lowest ratio. In a
Bayesian problem, however, participants must not only
comprehend the numerical information presented but also
manipulate that information to compute the posterior con-
ditional probability. The natural frequency format facil-
itates that manipulation. Although there is disagreement
in the field regarding the mechanism by which the natural
frequency format has its beneficial effects (for discussion,
see Barbey & Sloman, 2007; Reyna & Brainerd, 2008),
it is generally agreed that the natural frequency format
leads to better performance because it facilitates compu-
tation of the conditional probability.

One possibility is that high numerates have a better
grasp of the concept of conditional probability or set rela-
tionships in the first place and are therefore better able to
benefit from the frequency format that makes clear which
numbers to include in the conditional probability com-
putation, whereas, low numerates may lack a firm un-
derstanding of conditional probability. Thus even though
the frequency format facilitates understanding of the risks
in low numerates, computation of the conditional fre-
quency is still blocked by a poor grasp of the condi-
tional probability concept. Another possibility is that al-
though both high and low numerates understand condi-
tional probability, the low numerates lack the numerical
facility even to understand from the natural frequency for-
mat which numbers to include in the computation, given
that a Bayesian problem presents three separate risks (the
base rate, hit rate, and false alarm rate). An interesting
avenue for future research would be an examination of
uncertainty format on each phase in the Bayesian com-
puting process.

Few studies other than the current study and Bramwell
et al. (2006) have examined individual difference vari-
ables in Bayesian reasoning, but another notable study in
this vein is Brase (2008). He found that, when Bayesian
problems were presented in an ambiguous format of
“chances” (e.g., there are 6 chances out of 100 of having
the disease), most participants interpreted this format to
imply single-event probabilities, but a sizeable minority
interpreted it as frequencies. Furthermore, those that in-
terpreted the problem in terms of frequencies were more
likely to give the correct answer. Thus, as in the current
study, Bayesian performance varied systematically across
participants. One possible link between that study and
the current study is that interpreting an ambiguous for-
mat in terms of frequencies may be a marker for high nu-

meracy, which is why those participants performed bet-
ter. Brase (2009), however, found that pictorial presen-
tations that encouraged one interpretation over the other
affected Bayesian performance, making a marker account
less likely. Another possibility is that in the current study
even the explicit frequency format was sufficiently am-
biguous that not all participants interpreted it in terms
of frequencies, and the high numerate participants were
more likely to do so. It is also possible that interpretation
of ambiguous formats and numeracy are two separate fac-
tors that both moderate Bayesian performance.

The fact that the benefits of the natural frequency pre-
sentation are concentrated in a subset of decision makers
may call into question evolutionary accounts of why nat-
ural frequencies improve Bayesian reasoning (Gigeren-
zer & Hoffrage, 1995), in as much as evolutionary forces
shape species rather than individuals. In any event, such
individual differences imply that people with different
levels of numeracy abilities need different decision mak-
ing assistance.
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Appendix

Numeracy Scale from Lipkus et al. (2001)
1. Imagine that we roll a fair, six-sided die 1,000 times.
Out of 1,000 rolls, how many times do you think the die
would come up even (2, 4, or 6)?

2. In the BIG BUCKS LOTTERY, the chances of win-
ning a $10.00 prize are 1%. What is your best guess about
how many people would win a $10.00 prize if 1,000 peo-
ple each buy a single ticket from BIG BUCKS?

3. In the ACME PUBLISHING SWEEPSTAKES, the
chance of winning a car is 1 in 1,000. What percent of
tickets of ACME PUBLISHING SWEEPSTAKES win a
car?

4. Which of the following numbers represents the
biggest risk of getting a disease? 1 in 100, 1 in 1000,
1 in 10

5. Which of the following represents the biggest risk
of getting a disease? 1%, 10%, 5%

6. If Person A’s risk of getting a disease is 1% in ten
years, and Person B’s risk is double that of A’s, what is
B’s risk?

7. If Person A’s chance of getting a disease is 1 in 100
in ten years, and Person B’s risk is double that of A, what
is B’s risk?

8A. If the chance of getting a disease is 10%, how
many people would be expected to get the disease out
of 100?

8B. If the chance of getting a disease is 10%, how
many people would be expected to get the disease out
of 1000?

9. If the chance of getting a disease is 20 out of 100,
this would be the same as having a ____% chance of get-
ting the disease.

10. The chance of getting a viral infection is .0005.
Out of 10,000 people, about how many of them are ex-
pected to get infected?


