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Consider the statistics AIDS counselors
must understand and communicate. In
Germany, the prevalence of HIV in hetero-
sexual men who are not in any known risk
group is around 0.01%. The false-positive
rate of the HIV test (in which one blood
sample is subjected to multiple tests) is
around 0.01%, and its sensitivity is around
99.9% [exact estimates vary (/2)]. To ex-
plore how counselors
actually communicate

SCIENCE’'S COMPASS

as health organizations inform women in
terms of probabilities and relative risk reduc-
tion about the benefits and harms of screen-
ing, a truly informed decision is unlikely.

Applications in Law

Determinations of facts and verdicts in le-
gal proceedings often depend on scientific
evidence. The communication of statistics

1007
these risks, we sent a

male, low-risk client
to 20 German public.
health centers to have
20 HIV tests. During
the mandatory pretest
counseling, the client
asked the counselor
about the prevalence,
sensitivity, false-posi-
tive rate, and the
chance-that he actual-
ly had the virus if the
test were positive (13).
Not a single counselor
communicated the
risks to the client in natural frequencies.
Instead, they used probabilities and per-
centages, and, in the majority of the coun-
seling sessions, the information was ei-
ther inconsistent or wrong. For instance,
one counselor estimated the base rate and
the false-positive rate to be around 0.1%,
and the sensitivity to be 99.9%, and then
stated that the client’s probability of in-
fection given a positive test is also 99.9%
(applying steps 1 to 4 above to his esti-
mates yields a probability of 50%). In
fact, 15 out of the 20 counselors told this
low-risk client that it is 99.9% or 100%
certain that he has HIV if he tests positive
(applying steps 1 to 4 to the numbers
found in the literature yields an actual
probability of 50%).

Percentages can mislead in other- ways.
For example, it may sound impressive to
learn that mammography screening can re-
duce the risk of breast cancer fatality in
women by 25% [for 50- to 74-year-old wom-
en (14))- However, this percentage does not
say anything about the actual frequencies. If
4 out of 1000 women without symptoms die
of breast cancer within the next 10 years
(15), the relative risk reduction of 25%
means that 1 woman in 1000 women who
undergo screening would be saved. A wom-
an without symptoms is most likely not one
of the 4 to whom the risk reduction applies,
but one of the other 996 instead—and many
of these women may suffer as a result from
the screening. For instance, false-positives
occur and, moreover, cancers that grow so
slowly that they present little risk will be di-
agnosed and unnecessarily treated. As long
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Fig. 2. Interpreting statistics. Legal experts’ percentage of correct infer-
ences (left) and of guilty verdicts (right) in two criminal court case files.

is as important to the making of legal deci-
sions by judges, attorneys, forensic ex-
perts, and jurors as it is to medical deci-
sion-makers (16, 17). In considering the
admissibility standards for scientific evi-
dence, the U.S. Supreme Court has specif-
ically indicated that courts need to consid-
er “known or potential rate of error, and
the existence and maintenance of stan-
dards controlling the technique’s opera-
tion” (18).

In a study conducted in Germany, we
asked 27 professionals who would soon
qualify as judges and 127 advanced law
students to evaluate two criminal-court
case files involving rape (19). In both cas-
es, a DNA match was reported between a
DNA sample from the defendant and one
recovered from the victim. Aside from
this evidence, there was little reason to
suspect that the defendant was the perpe-
trator. Expert testimony reported the fre-
quency of the recovered DNA profile as 1

in 1,000,000 and then stated that it was

practically certain that the analysis would
show a match for a person who indeed had
the DNA profile (in other words, sensitivi-
ty = 100%). The expert also reported the
rates of technical and human mishaps
leading to false-positive results in labora-
tory tests to be about 0.003 (20).

When these statistics were expressed as
probabilities, only 13% of the professionals
and under 1% of the law students correctly
inferred the probability that the defendant
was actually the source of the trace. But when
the identical statistics were stated as natural
frequencies, 68% and 44% of these same par-

ticipants made the correct inference (Fig. 2,
left). The different ways of expressing the
same statistical information altered the ver-
dicts in each case. When the information was
presented as probabilities, 45% of the profes-
sionals and 55% of the students rendered a
verdict of guilty, but only 32% and 33% did
so when the same statistics were expressed as
natural frequencies (Fig. 2, right). When ver-
dicts hinge on statistical evidence, under-
standing that evidence is crucial, and pursu-
ing this simple method of fostering statistical
insight could contribute to that goal (21, 22).

Implications for Teaching

The beneficial effects of natural frequen-
cies on statistical reasoning in the studies
reported above occurred without training
or instruction. Systematic training in the
use of natural frequencies can even help
people to reason with probabilities. The
key is to teach representations rather than
rules—that is to teach people how to trans-
late probabilities into natural frequencies,
as shown in steps 1 to 4. Traditionally,
however, students are instead taught how
to plug probabilities into mathematical
formulas such as Bayes’s rule.

Teaching representations rather than
rules—and expressing statistical informa-
tion in natural frequencies where ap-
propriate—can help to foster the statistical
reasoning needed to make sound decisions.
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