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Among numerical formats available to express probability, 
ratios are extensively used in risk communication, perhaps 
because of the health professional’s intuitive sense of their 
clarity and simplicity. Moreover, health professionals, in the 
attempt to make the data more meaningful, tend to prefer 
proportions with a numerator of 1 and shifting denomina-
tors (e.g., 1 in 200) rather than equivalent rates of disease 
per unit of population exposed to the threat (e.g., 5 in 1000). 
However, in a series of 7 experiments, it is shown that indi-
vidual subjective assessments of the same probability  

presented through proportions rather than rates vary sig-
nificantly. A 1-in-X format (e.g., 1 in 200) is subjectively 
perceived as bigger and more alarming than an N-in-X*N 
format (e.g., 5 in 1000). The 1-in-X effect generalizes to dif-
ferent populations, probabilities, and medical conditions. 
Further-more, the effect is not attenuated by a communica-
tive intervention (verbal analogy), but it disappears with an 
icon array visual aid. Key words: probability assessment; risk 
communication; numerical risk format (Med Decis Making 
XXXX;XX:xx-xx)
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Increasing emphasis has been placed on the way 
doctors communicate risk to patients.1–5 Health 

communication research pointed out that, because 
of time constraints, much of the information that 
doctors have to communicate needs to be summa-
rized and simplified, and doctors might frequently 
rely on raw numbers to communicate clinical risks.6,7 
Among numerical formats available to express prob-
ability, ratios are extensively used in risk communi-
cation, perhaps because of the practitioners’ intuitive 
sense of their clarity and simplicity.8 In particular, 
health practitioners tend to prefer proportions with 
a numerator of 1 and shifting denominators in  
the expression of risks (e.g., 1 in 200) rather than 

equivalent rates of disease per unit of population 
exposed to the threat, normally per 1000 people 
(e.g., 5 in 1000). Although this inclination seems to 
result from a spontaneous attempt to make the popu-
lation size statistics more understandable to the 
public9 and from the intuition that this format might 
be especially motivating,10 experimental evidence 
nevertheless exists that laypeople understand pro-
portions no better than rates.9,11,12 No clear experi-
mental evidence, however, exists to say whether the 
presentation of the same probability through propor-
tions rather than rates varies patients’ subjective 
probability assessment as well.

Starting in the 1990s, various empirical studies 
considered whether different ratio formats denoting 
the same objective probability (e.g., 1 in 10 v. 10 in 
100 or, more generally, 1 in X vs. N in X*N) could 
vary choices and subjective evaluations. These stud-
ies delivered contrasting results. On one hand, 
Kirkpatrick and Epstein13 suggested that people tend 
to neglect denominators, preferring for example a lot-
tery with a 10-in-100 chance of winning to a lottery 
with a 1-in-10 chance of winning. That phenomenon 
was dubbed the ratio-bias effect by some authors,14–16 
whereas other authors simply explained it as a 
“denominator neglect.”17,18 On the other hand, 
Yamaguchi19 suggested that when people are asked to 
evaluate a threat whose likelihood is kept constant, 
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they tend to rate the threat as more probable when it 
will affect 1 person in 10 than when it will affect  
10 persons in 100. That phenomenon, dubbed the 
group-diffusion effect, suggests that people neglect 
numerators rather than denominators (for a compari-
son between ratio-bias and group-diffusion effect, see 
Price and Matthews20). A germane effect was observed 
in charitable donations.10,21,22 In particular, Small and 
others23 showed that donations to charities can actu-
ally decrease when moving from one recipient to 
multiple ones.

A general limitation of previous research is that it 
presented people with the same probability couched 
in 2 formats, and asked for a direct comparison 
between the 2 formulations.* This method might 
compromise the ecological validity of the results if 
we consider the domain of medical risk communica-
tion. Presumably, doctors rarely explain to patients 
that one treatment has a 1-in-10 chance to succeed, 
whereas the other has a 10-in-100 chance to suc-
ceed. Using different ratio formats for 2 probabilities 
that are trivially the same, besides being in principle 
not advisable because the employment of different 
denominators in the ratios does not favor a sound 
comprehension and comparison of likelihood mag-
nitudes,5,25 would surely be an odd communicative 
move.

Patients are more often confronted with a single 
prospect whose likelihood is conveyed through 
either one format or the other (or with 2 equally 
likely options whose likelihood is conveyed through 
the same format).

Moreover, patients are frequently required to 
evaluate clinical risks without having the contextual 
knowledge that would support consistent risk per-
ceptions. Very often, risks cannot be compared 
against each other, and they have to be evaluated on 

*Yamagishi’s study17 is an exception with respect to the use of a direct 
comparison paradigm. In his study, participants were asked to judge 
the riskiness of various causes of death when the death rates were 
presented as ratios using either large or small denominators according 
to the experimental session and with a 7-day interval between the 
consecutive sessions. Participants’ judgments appeared to be associ-
ated to the numerators more than the denominators. As claimed by 
Price and Matthews, this result could be ascribed to the small amount 
of “attention drawn to the denominator versus the numerator of the 
relevant ratio.”20(p445) Indeed, it has to be noted that in Yamagishi’s 
study, participants were informed about the denominator (or base rate) 
at the beginning of the session only. The information regarding the 
denominator was not repeated for each judgment in Yamagishi’s 
study, and this absence may have affected participants’ judgments, 
giving rise to the denominator neglect effect. The same objection can 
be raised with respect to the study by Zickmund-Fisher and others,24 
which partially supported Yamagishi’s findings.

an absolute scale (for an exhaustive review concern-
ing the differences between joint and separate evalu-
ations and on how these 2 evaluation modes 
differently affect preferences, see Lichtenstein and 
Slovic26). The present research focuses on a rela-
tively less evaluable context where only separate 
evaluations are possible.

In experiment 1, we show that the likelihood of a 
clinical condition is subjectively perceived as big-
ger and more alarming when expressed as 1 in X 
(e.g., 1 in 200) rather than when expressed as N in 
X*N (e.g., 5 in 1000). In experiment 2 (2a, 2b, 2c, 
and 2d), we generalize this effect to different popu-
lations, probabilities, and medical conditions, rul-
ing out some possible explanations. Finally, in 
experiments 3 and 4, we investigate the effectiveness 
of 2 communicative interventions (frequently used 
in medical practice) to attenuate or even eliminate 
the 1-in-X effect.

EXPERIMENT 1

Experiment 1 was intended to investigate whether 
the ratio format (1 in X v. N in X*N) used to convey 
a medical message affects patients’ subjective prob-
ability assessment of a clinical risk and, in case an 
effect is found, the direction of such influence.

Method

A total of 63 women (mean [s] age 33.6 [4.7]), 
patients of the maternity ward of an Italian hospital, 
volunteered to take part in a study on risk communi-
cation and completed a questionnaire.† Most of the 
participants had concluded high school (53%) or had 
already one university degree (34%), and only few 
participants (13%) had achieved the lowest educa-
tion level in Italy. A single independent variable 
(ratio format: 1 in 200 v. 5 in 1000) was manipulated 
in a between-subjects design. In this experiment and 
all that follow, participants were randomly assigned 
to the experimental conditions. All experiments were 
conducted in Italian, and all the material presented 
here is an English translation of the Italian original 
version. Participants read the following scenario:

Imagine that you have bought a trip to Kenya and you 
have just read that the risk of being affected by malaria 
while traveling to Kenya is [1 in 200; 5 in 1000].

†All participants of the 7 experiments of this research were volunteers 
and did not receive any reward or incentive to participate. They all 
answered a single questionnaire.
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Three dependent variables were measured: the 
subjective probability assessment, the perceived 
severity of contracting malaria, and the degree to 
which this information would be worrisome. 
Specifically, 3 questions were asked: “In your opin-
ion, the probability of being affected by malaria while 
traveling to Kenya is . . .” (7-point scale anchored at 
extremely low and extremely high); “Malaria is a dis-
ease that is . . .” (5-point scale anchored at not severe 
at all and extremely severe); and “How worried 
would you be about the probability of [1 in 200; 5 in 
1000] of being affected by malaria while traveling to 
Kenya?” (7-point scale anchored at not worried at all 
and extremely worried). Responses were analyzed 
using multivariate analysis of variance. Two-tailed 
statistical tests and a critical alpha of .05 were used in 
all data analyses in this study, except when noted.

Results

Figure 1 displays the mean values of the 3 depen-
dent measures as a function of the ratio format used 
to communicate the risk in the 2 experimental con-
ditions of experiment 1.

The visual inspection of Figure 1 immediately 
suggests that changing the ratio format changed 
patients’ subjective assessments of probability, as 
well as the degree they find the risk worrisome, 
while not affecting the subjective severity of malaria.

Ratio format had a global impact on our set of 
dependent measures, F (3, 59) = 2.8, P < 0.05, partial 
h2 = .13. This global impact, though, was the result of 
a localized impact on the probability and worry mea-
sures, rather than on the severity measure. The mean 
(s) subjective probability assessment was 3.8 (1.0) 
when it was phrased as “1 in 200” and only 3.1 (1.2) 
when it was phrased as “5 in 1000,” a significant dif-
ference, F (1, 61) = 6.3, P = 0.01, partial h2 = .09. 
Similarly, mean (s) worry about the risk was 5.2 (1.2) 
when the probability was phrased as “1 in 200” and 
only 4.2 (1.5) when it was phrased as “5 in 1000,” a 
significant difference, F (1, 61) = 7.3, P < 0.01, partial 
h2 = .11. However, the mean (s) perceived severity of 
malaria was the same in the 2 conditions (3.6 [.8] v. 
3.5 [.7]), F (1, 61) = 0.5, P = .47, partial h2 < .01.

To further establish that the increased worry 
expressed by the participants in the 1-in-200 condi-
tion was mediated by an increase in subjective 
probability, we conducted a path analysis by means 
of a series of regressions analyses. The ratio format 
(dummy coded, 0 standing for “5 in 1000”) was a 
significant predictor of how much the risk was wor-
risome (standardized regression coefficient b = .33, 

t = 2.7, P < 0.01) and a significant predictor of 
subjective probability (b = .31, t = 2.5, P = 0.01). 
Subjective probability also was a significant predic-
tor of how worrisome the risk was (b = .61, t = 6.1, 
P < 0.001). When ratio format and subjective prob-
ability were simultaneously entered as predictors of 
how worrisome the risk was, subjective probability 
remained a significant predictor (b = .57, t = 5.4, 
P < 0.001), but ratio format did not (b = .15, t = 1.5, 
P = 0.15). A Sobel test (whose value was 2.3, P = 
0.02) confirmed that the contribution of the ratio 
format dropped significantly when subjective prob-
ability was entered into the regression.

Discussion

A 1-in-200 chance of contracting a disease (here, 
malaria) seemed larger and more worrying than a 
5-in-1000 chance of contracting the same disease, a 
tendency that we could dub the 1-in-X effect. 
Furthermore, the risk was judged more worrying 
because it was judged more probable. Accordingly, 
we focus on subjective assessments of probability in 
the following experiments.

The results of our first experiment are clearly 
inconsistent with the idea of denominator neglect. 
Patients who would neglect denominators when 
assessing probability ratios would perceive 5 in 
1000 as bigger than 1 in 200 and not the opposite. 
The purpose of experiments 2a to 2d is to rule out 
possible explanations of the effect observed in 
experiment 1 and to generalize it to different ratios, 
outcomes, and populations.

EXPERIMENTS 2A–2D

Participants of experiment 2 (a, b, c, and d) were 
recruited among the employees of local offices and 

Figure 1  Subjective ratings of probability (1–7 scale), severity 
(1–5 scale), and worrisomeness (1–7 scale), as a function of ratio 
format. Error bars show 1 standard error of the mean.
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companies. Participants’ educational level in 4 parts 
of experiment 2 did not differ significantly and was 
as follows: 45% of participants had a university 
degree, 43% completed high school, and only 12% 
had the lowest education level in Italy.

Experiment 2a

Experiment 2a aims at replicating the main result 
of experiment 1, extending it to another medical 
condition and to the general adult population. Eighty 
adults (48% men, 52% women; mean [s] age 35 [11]) 
volunteered to take part in the research and com-
pleted a questionnaire. The experiment used the 
same design and scenario as in experiment 1, but the 
medical condition that participants were asked to 
evaluate was hepatitis A instead of malaria. 
Participants were asked to provide their subjective 
probability assessment on a 7-point scale anchored 
at extremely low and extremely high. Exactly as in 
experiment 1, ratings were greater for the format 1 in 
200 (x– [s], 3.9 [1.1]) than with the format 5 in 1000 
(x– [s], 2.9 [1.1]), t(1, 78) = 4.2, P < 0.001.

Experiment 2b

There is a superficial difference between the 2 
ratios that we have used so far, in terms of the num-
ber of digits that appear in the numerator and in the 
denominator. The ratio 1 in 200 has a 1-digit numer-
ator and a 3-digit denominator, whereas the ratio 5 
in 1000 has a 1-digit numerator and a 4-digit denom-
inator. It could be the case that participants were 
sensitive to the relative number of digits in the 
numerator and in the denominator and accordingly 
perceived 5 in 1000 as smaller than 1 in 200, inde-
pendently of the fact that this second ratio had the 
1-in-X format. Experiment 2b aims at ruling out this 
possible explanation.

Experiment 2b involved 100 adult volunteers 
(mean [s] age 38 [12]) who completed a question-
naire. Forty-two of those participants were men, and 
58 were women. The design was the same as in 
experiments 1 and 2a, except that the probability 
ratios were 1 in 12 and 10 in 120. The first ratio has 
a 1-digit numerator and a 2-digit denominator, 
whereas the second ratio has a 2-digit numerator and 
a 3-digit denominator. If participants’ responses 
reflect the relative number of digits in the numerator 
and in the denominator, the second ratio should be 
perceived as larger than the first. Conversely, if par-
ticipants’ responses are sensitive to the 1-in-X effect, 

then the first ratio should be perceived as larger than 
the second. Participants read the following scenario:

Anna is a 48-year-old woman married since when 
she was 29. Despite the fact she and her husband 
had always desired a child, some fertility problems 
had impeded it. Once the situation had been 
accepted, Anna discovers she is pregnant. During a 
visit, Anna’s gynecologist informs her that, due to 
her age, the risk of having a child with Down syn-
drome is approximately [1 in 12; 10 in 120].

As in the previous experiments, participants were 
asked to provide their subjective probability assess-
ment. They responded using an 11-point scale 
anchored at extremely low and extremely high. In 
line with the 1-in-X effect, ratings were greater for 
the format 1 in 12 (x– [s], 7.5 [0.4]) than for 10 in 120 
(x– [s], 6.2 [0.4]), t(1, 98) = 2.4, P = 0.02.

Experiment 2c

So far, results seem to converge on a specific 
effect of the 1-in-X format. One last possibility, 
though, has to be ruled out. In our experiments, the 
1-in-X format always (and trivially so) featured a 
smaller denominator than the N-in-X*N format. The 
fact that participants perceived 1 in X as larger than 
N in X*N might thus reflect a general focus on the 
denominator of the ratio rather than a specific effect 
of the 1-in-X format and on people’s tendency to 
provide lower probability assessments as the num-
ber of people exposed to a threat increases,19 that is, 
when the denominator increases. Given that our 
interest is on subjective assessments of the same 
probability presented through different formats, it is 
not possible to disentangle the magnitude of the 
denominator from the magnitude of the numerator. 
Thus, experiment 2c aims at ruling out the numera-
tor neglect explanation by comparing 2 equivalent 
ratios with different denominators, none of which 
are in the 1-in-X format.

A total of 66 adult volunteers (mean [s] age 32 
[12]), 33 men and 33 women, completed a question-
naire. The design of the experiment was similar to 
other experiments in the series, except that the 2 
ratios were 3 in 48 and 10 in 160. Participants read 
the following scenario:

Anna is a 45-year-old pregnant woman. During a 
visit, her gynecologist informs her that due to her 
age, the risk of having a child with Down syndrome 
is approximately [3 in 48; 10 in 160].
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Participants rated their subjective probability 
assessment on a 7-point scale anchored at extremely 
low and extremely high. These ratings were similar 
when the probability was expressed as 3 in 48 (x– [s], 
3.9 [1.8]) and 10 in 160 (x– [s], 3.7 [1.7]), t(1, 64) = .48, 
P = 0.63.

Experiment 2d

Experiment 2d aims at replicating the null effect 
observed in experiment 2c, using a different sce-
nario and different ratios. A total of 87 adult volun-
teers (23 men, 64 women; mean [s] age 30.1 [11.5]) 
completed a questionnaire. The design of the exper-
iment was similar to other experiments in the series, 
except that the 2 ratios were 2 in 5 and 40 in 100. 
Participants read the following scenario:

You are informed by a new study of the WHO (World 
Health Organization) that, in Peru, the risk for a 
woman to be a victim of domestic violence by her 
partner is [2 in 5; 40 in 100].

Participants rated the magnitude of the probabil-
ity on a 7-point scale anchored at extremely low and 
extremely high. These ratings were similar when the 
probability was expressed as 2 in 5 (x– [s], 5.0 [1.6]) 
and 40 in 100 (x– [s], 4.9 [1.4]), t(1, 85) = .28, P = 0.77.

Overcoming the 1-in-X Effect

Experiments 2a to 2d replicated, generalized, and 
triangulated the effect observed in experiment 1: 
When the probability of a medical risk is expressed 
as 1 in X, this probability looms bigger (and the risk 
more alarming) than when it is expressed by the 
equivalent ratio N in X*N. The effect seems to hap-
pen independently from the specific health outcome 
at stake, as the applicative context of the studies 
were all different.

Doctors must thus be warned that their choice of 
a ratio format might influence the subjective 
impression they make on their patients. Ideally, a 
given doctor should arguably stick to one ratio for-
mat when communicating with a given patient, in 
order not to bias the patient’s assessment of the 
various probabilities attached to different out-
comes. There is no guarantee, however, that the 
patient will not be given probabilities using a dif-
ferent ratio format when interacting with another 
health professional.

As a consequence, and to avoid biased interpreta-
tions11,12 and suboptimal decisions, it is necessary to 
explore possible communicative interventions that 
would attenuate or eliminate the 1-in-X effect. In the 
rest of this article, we test 2 such interventions, com-
paring their effectiveness.

It seems natural to turn to classic interventions 
aimed at coping with the poor understanding people 
have of probabilities and numbers.3,27–31 In the 
domain of risk communication, it is common prac-
tice to use verbal analogies32 or visual aids (graphical 
representations) whose vividness is assumed to help 
people visualize uncertainty. Concerning visual aids 
in particular, many authors have claimed that icon 
arrays facilitate numerical risk understanding (e.g., 
Ancker and others,33 Feldman-Stewart and others,34 
and Hawley and others35) and could debias people 
into properly considering both the numerator and 
the denominator of the ratio.36–38 Icon arrays consist 
of circles or other icons that depict individuals and 
whose color differentiates between affected and 
healthy individuals.

Experiments 3 and 4 tested the resistance of the 
1-in-X effect to these 2 interventions.

EXPERIMENT 3

A total of 81 patients of the maternity ward of an 
Italian hospital (mean [s] age 33.6 [4.8]) volun-
teered to complete a questionnaire. Most of partici-
pants had a high school degree (51%) or a university 
degree (33%), whereas 16% of them had the lowest 
level of education in Italy. The ratio format (1 in 
200 v. 5 in 1000) was manipulated in a between-
subjects design. Participants read the following 
scenario:

Imagine that you have bought a trip to Kenya and 
you have just read that the risk of being affected by 
malaria traveling to Kenya is [1 in 200; 5 in 1000]. To 
better understand this probability, imagine a jar with 
[199; 995] white balls and [1; 5] red ball[s]. Imagine 
that you draw a ball from the jar. The probability of 
contracting malaria while traveling to Kenya is the 
probability that the ball you pick will be red.

Participants rated on a 7-point scale (anchored at 
extremely low and extremely high) the subjective 
magnitude of this probability.

The classic 1-in-X effect was observed, even with 
the inclusion of a verbal analogy. Patients provided 
greater probability assessments in the 1-in-200  
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condition (x– [s], 3.7 [1.3]) than in the 5-in-1000 
condition (x– [s], 3.1 [1.0]), t(1, 79) = 2.3, P = 0.02. 
The 1-in-X effect thus appears to be resistant to the 
introduction of a verbal analogy.

EXPERIMENT 4

A total of 192 adult volunteers (mean [s] age 25.8 
[9.7]) completed a questionnaire. They were ran-
domly assigned in 1 group of a 2 × 2 between-subject 
design, manipulating the ratio format (1 in 10 v. 10 
in 100) and the presence or absence of a visual aid. 
Participants read the following scenario:

Anna is a 45-year-old pregnant woman. During a 
visit, her gynecologist informs her that due to her 
age, the risk of having a child affected by Down syn-
drome is [1 in 10; 10 in 100].

Half of the participants were provided with a 
visual aid depicting this probability. These simple 
visual aids are reproduced in Figure 2.

The subjective magnitude of the probability was 
measured as in the previous studies, but on an 
11-point scale anchored at extremely low and 
extremely high.

Figure 3 displays the mean values of subjective 
probability in the 4 experimental conditions of 
experiment 4. Participants in the control condition 
(without visual aid) showed the classic 1-in-X effect, 
but this effect completely disappeared for partici-
pants who were provided with a visual aid.

A 2 × 2 analysis of variance detected a (1-tailed) 
significant interaction effect, F(1, 188) = 2.8, P < 
0.05, partial h2 = .015. Subsequent contrast analyses 
confirmed that participants in the control condition 
provided greater ratings for the 1-in-10 ratio (x– [s], 
7.4 [3.0]) than for the 10-in-100 ratio (x– [s], 5.6 [2.6]), 
t(1, 94) = 2.4, P = 0.02. However, participants who 
were given a visual aid provided remarkably similar 
ratings for the 1-in-10 ratio (x– [s], 5.9 [3.0]) and for 
the 10-in-100 ratio (x– [s], 6.0 [2.9]), t(1, 94) = –0.03, 
P = 0.97.

Figure 2  Visual aids used in experiment 4, in the 1-in-10 and 10-in-100 conditions.
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CONCLUSIONS

The way a probability ratio is expressed makes a 
difference to how big the probability sounds. A 
1-in-X chance of contracting a disease sounds larger 
and more worrying than an N-in-X*N chance. Our 7 
experiments replicated this effect across popula-
tions, probabilities, and conditions while triangulat-
ing the source of the effect to the 1-in-X format.

Even if some criticisms are possible concerning the 
limitations of a between-subjects design when the 
dependent variable is a judgment (see Birnbaum39), 
the decision to avoid a within-subjects design in  
the present research was supported by practical rea-
sons. First, intuitive judgments are better studied 
using between-subjects than within-subjects designs 
because the latter encourage participants “to search 
for consistent strategies to deal with the task.”40 
Second, our main interest focused on particular  
medical contexts, when little contextual information 
is available and only separate evaluations are possi-
ble. In such circumstances, a within-subjects design 
would be inappropriate, providing participants with 
information that could be used for comparison pur-
poses. The current findings might not replicate in a 
within-subject design where participants could read-
ily recognize that the probability communicated 
using 2 different formats is the same.

We believe that our research has robustly estab-
lished the 1-in-X effect, but we are also aware that 
further research will have to pinpoint the cognitive 
processes that are responsible for the effect, specifi-
cally investigating, for example, whether the 1-in-X 
effect could be due to the increased ability to see 
oneself or others as that affected. Even before we 
attain this cognitive level of explanation, though,  

we can identify the practical implications of our 
findings for health care professionals.

Health care professionals who routinely commu-
nicate probabilistic information must be warned that 
a probability phrased as “1 in X” sounds bigger than 
the same probability expressed as “N in X*N.” This 
is all the more necessary because they might them-
selves be de-sensitized to this bias through their 
daily use of probabilistic ratio and thus not aware 
that patients might understand ratios differently 
than the way they are meant.‡

Ideally, one would like to provide health care pro-
fessionals with a clear-cut prescriptive message about 
which ratio format they should use. This is difficult 
because it is not clear whether “1 in X” yields an 
overestimation of the probability or whether “N in 
X*N” yields an underestimation of the probability. 
As emphasized in Sunstein and Thaler’s “libertarian 
paternalism”41 perspective, when contextual influ-
ences (such as framing effects or status quo bias) 
render patients’ preferences unclear, the physician 
should be free to self-consciously employ the format 
that is likely to steer patients’ preferences in the 
direction of their well-being. Nevertheless, to pro-
vide a general communication guideline, it has to be 
noted that in our study, participants who were pro-
vided with a visual aid gave similar assessments of 1 
in 10 and 10 in 100. These assessments were signifi-
cantly lower than that provided for 1 in 10 by par-
ticipants in the control condition and broadly similar 
to that provided for 10 in 100 by participants in the 
control condition. If we assume that the assessments 
given with a visual aid were better calibrated, then 
the results of experiment 4 suggest that the 1-in-X 
ratio leads to an overestimate of the probability it 
expresses. This finding, along with the harmful effect 
of proportions with a numerator of 1 and shifting 
denominators on people’s comprehension,12,30 speaks 
against the 1-in-X format.

Is the 1-in-X effect resistant to classic communi-
cative interventions? Verbal analogies based on jars 
and balls did not help participants to overcome the 
1-in-X effect, but a simple visual aid made the effect 
disappear. Although further research will be needed 
to identify the boundary conditions of this interven-
tion, its effectiveness might be due to the way it 

‡To explore this possibility, experiment 1 was replicated using a sample 
of 56 doctors of an Italian hospital. In this sample, 1 in 200 was not 
interpreted differently than 5 in 1000 (x– = 4.5 in both cases; the 95% 
confidence interval for the differences between the 2 means was –0.7 
to +0.7).

Figure 3  Subjective ratings of probability, with and without 
visual aid, for the 1-in-10 and the 10-in-100 format. The error bars 
show 1 standard error of the mean.
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transformed probability ratios into readily identifi-
able, visualized natural frequencies.42–44

Questions thus remain that future research will 
have to address. Our series of experiments have 
established this robust effect and identified a prac-
tical intervention that might eliminate it when 
needed. Further work can now target the cognitive 
mechanisms underlying the 1-in-X effect, as well as 
its boundary conditions. We look forward to these 
developments and to their practical implications for 
risk communication.
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