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How Can We Help 
People Make Sense 
of Medical Data?

CONTEXT. Information is a basic prerequisite to informed medical decision making.

GENERAL QUESTION. How can we help people interpret the quantitative data they
need to make informed decisions?

SPECIFIC RESEARCH CHALLENGE. To develop and evaluate interventions that will help
people make sense of the quantitative data relevant to their health care decisions.

STANDARD APPROACH. Traditional patient education interventions  focus on providing
disease-specific information (e.g., educational brochures about a single disease).

POTENTIAL DIFFICULTIES. Interventions that focus on content—the provision of
facts—may not be sufficient help for people facing medical decisions. Training that
prepares people to make sense of the facts that they are given may be necessary.

ALTERNATE APPROACH. We propose developing a generic (i.e., not disease-specific) tuto-
rial to prepare people to better understand and more critically evaluate data on disease
risk and the benefits and harms of treatment. This tutorial aims to improve critical
reading skills by teaching people about risk (e.g., probability and rates) and showing
them what to look for in statements about risk (e.g., time frame),  how to put disease
risk and treatment benefit in context (e.g., evaluating competing risks), how to inter-
pret changes in risk, and whether to believe the statements about changes in risk.

Throughout their lives, people face a bewildering array of medical decisions.
Such decisions include: Should I have mammography? Should I have coronary

artery bypass graft surgery or angioplasty? Do I need a check-up? To make
informed decisions, people need answers to many questions, including: What are the
possible outcomes of this test? What are my chances of staying healthy if I forgo this
intervention? What are the likely benefits and potential harms of treatment?

Providing the data needed to inform medical decisions is an extremely chal-
lenging task. Patients vary widely in their informational needs, decision-making
styles, and ability to use data. Information relevant to medical decisions may be par-
ticularly difficult to transmit because it is inherently quantitative, probabilistic, and
often involves small numbers—all of these characteristics may be important barriers
to patient comprehension. Moreover, although “judgment under uncertainty” is not
easy in the best of circumstances, it may be extraordinarily difficult when the stakes
are high (e.g., when a patient first faces a frightening disease, such as cancer, or a
potentially dangerous intervention, such as major surgery). 

Despite the contemporary focus on informed decision making, little is known
about how best to inform people who need to make medical decisions. Our paper looks
at the design and evaluation of an intervention intended to help people make sense of
quantitative data. We begin by critiquing the standard approach to patient education, an
approach exemplified by disease-specific brochures that are meant to provide patients
with facts about a single health issue (e.g., risk for breast cancer). We then propose an
alternate general education approach intended to help people become better and more
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critical consumers of medical data. Finally, we describe
our plans to operationalize this approach in the form of a
tutorial: “Understanding Numbers in Health.”

Standard Approach

In general, efforts to enhance patient decision making
have largely focused on providing disease-specific facts.
The reason for this common-sense approach is straight-
forward: To make an informed decision, one must have
information about the problem. If people lack key facts,
their decisions cannot be informed. The solution, then,
is to provide the facts. The abundance of disease-specif-
ic brochures, videotapes, and other materials reflects the
popularity of this approach. These materials vary in
quality, but almost all of them provide information
about a single disease. To determine how well such
materials convey quantitative data to patients, we per-
formed a structured literature review to identify ran-
domized trials of interventions designed to communi-
cate quantitative data about disease risk or the benefits
or harms of treatment.

From a MEDLINE search, we identified 129 arti-
cles reporting on medical decision–making interven-
tions (see the figure that accompanies the abstract of this
article at ecponline.org). With one exception, all of the
articles described disease-specific interventions; the
exception reported on an educational intervention to
promote effective communication among physicians,
children, and parents during pediatric office visits.1

Sixty-nine of the articles reported on randomized clini-
cal trials. Of these, 3 studied interventions designed to
expand patient involvement in the care of a specific dis-
ease2–4 and 66 sought to convey facts about a specific dis-
ease. Of the 66, 47 presented quantitative data. 

Only seven of the randomized trials assessed
patient comprehension of the quantitative information
provided; the rest assessed general knowledge (e.g.,
“drug X can affect your liver”) or focused primarily on
changes in behavior.5–11 Two of the seven trials com-
pared the comprehension of specific data presented in
different formats10, 11; the other five evaluated patient
education tools (a summary of these five studies is avail-
able at ecoponline.org). The tools studied range from
simple facts to decision aids designed to put information
into a decision framework. Comparison across studies is
difficult because the interventions and metrics of effica-
cy are diverse. In general, the interventions had variable
effects and left substantial room for improvement.

Problems with the Standard Approach

There are many reasons to question whether it is sufficient
simply to give patients disease-specific data (Table 1). First,

low levels of numeracy (quantitative literacy) are common
and are an important barrier to the communication of
even basic medical data—precisely the kinds of facts that
disease-specific interventions hope to transmit.11, 12

Second, even if people understand the actual num-
bers, it is unclear whether they understand what the
numbers are meant to communicate. The need for guid-
ance in interpreting quantitative data is strongly sup-
ported by research in cognitive psychology. In one study,
participants were told that there was a 30% chance of
rain.13 Although most understood what “30%” meant,
participants were confused about whether the statement

TABLE 1

Problems with the Standard Approach for
Communicating Quantitative Data to Patients

PROBLEM

Quantitative literacy

Low levels of numeracy

Difficulty with small 
numbers

Lack of familiarity with 
probabilistic language

Susceptibility to framing

Absolute vs. relative 
changes in risk

Base rates

Gain vs. loss

Patients typically lack 
the knowledge needed 
to evaluate quality of 
evidence

EXAMPLE

47% of U.S. adults could 
not calculate difference
between regular and 
sale price from an 
advertisement.12

Only 20% of female U.S.
veterans could correctly
convert 0.1% to 1 in 1000.11

High level of confusion 
interpreting “30% chance 
of rain.”13

Patients and physicians 
presented with the benefit 
of two equally efficacious
treatments preferred the
treatment for which benefit
was presented in relative
rather than absolute
terms.14–17

Events are seen as less likely
when base rates are given
than when they are not
given.10, 28

Death is perceived as less
likely when data are present-
ed as a chance for surviving
(gain) rather than as a
chance for dying (loss).18–25

Attention to clinical epidemi-
ology in medical school 
curricula is a recent 
phenomenon. We know 
of no efforts to educate
patients.



meant that there was a 30% chance of rain in a particular
spot, that it would rain in 30% of the area, or that it
would rain for 30% of the day. Furthermore, the cogni-
tive psychology literature is replete with demonstrations
of how people (both physicians and patients) are suscep-
tible to simple changes in the format of identical numer-
ic information (e.g., they respond differently to absolute
and relative risk reductions), a concept referred to as
framing.14–25 Problems with numeracy, lack of familiari-
ty with how statistical language is used, and the existence
of framing effects suggest that receiving quantitative
information without being guided in its interpretation
may be meaningless or confusing for a substantial pro-
portion of the population. These issues might explain
why a high-intensity educational intervention failed to
improve the accuracy of women’s perceptions of their
risk for breast cancer.5

Unfortunately, only a small proportion of the pub-
lic knows enough about the basic principles of probabil-
ity and epidemiology to critically evaluate health mes-
sages. Rather than informing people and enhancing
decision making on health issues, these messages may
cause people to feel anxious and even manipulated (i.e.,
people may be led to request unneeded, unproved, or
ineffective treatments). We hypothesize that giving peo-
ple quantitative information and attending to the basic
principles of probability and epidemiology will result in
more meaningful communication. 

Alternate Approach: A Generic Guide 
to Understanding Numbers in Health

We propose to develop a generic tutorial to prepare peo-
ple to better understand and more critically evaluate
data on disease risk and the benefits and harms of treat-
ment. This basic education would help establish a
framework for understanding and interpreting num-
bers in health. Rather than focusing on one disease at a
time, our tutorial would provide context by comparing
across diseases and across treatments. It would be rele-
vant to anyone who is facing or will face a health-relat-
ed decision—everyone from children to patients with
newly diagnosed cancer. It could be used in clinical set-
tings and in school curricula (modeled on “Chance,” an
Internet-based quantitative literacy course based on cur-
rent events in the news, available at http://www.dart-
mouth.edu/%7Echance/Chance.html).

Rationale

Educators have long understood that presenting facts
without first preparing an audience to receive them (i.e.,
without integrating them into an organizing structure)
is counterproductive. The audience will absorb little

data, will quickly forget it, will not understand how the
information relates to their own experience, and may
misinterpret the meaning of the information. The fun-
damental importance of an organizing structure in
effectively teaching clinical medicine has been well
articulated. Samuel Their and Harry Kimball (presi-
dents of the Institute of Medicine and the American
Board of Internal Medicine, respectively) compared the
acquisition of cognitive knowledge (e.g., signs and
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TABLE 2

Table of Contents for “Understanding Numbers
in Health” Education Tutorial

GENERAL TOPIC

What is risk?

What to look for 
in a statement 
about risk

Putting risk in 
context

Changing risks

Evidence

SPECIFIC TOPIC

How to talk about risk
Problems with using words
Using numbers 

(probabilities and odds)
Using pictures

Risk for what? 
(diagnosis, specific morbidity, or
death from disease)

What time period are we talking
about?

Who is “at risk”?

How big a risk? 
(comparison to familiar events)

How deadly is the disease? 
(risk for getting the disease com-
pared with risk for dying of it)

What are the “competing risks” for
death? (see risk chart in Table 3)

Dying for any reason

How to talk about changes in risk
(relative and absolute changes)

Comparing changes in risk 
(all risk factors and interventions
are not equally important)

How much does risk factor or 
treatment affect chance of dying?
(see benefit chart in Table 4)

What should you believe? 
(standards of evidence)

How certain can you be about this
information? (95% CIs)

When should you be more skeptical?
(e.g., with a single study—especially
an animal study—or a study with an
intermediate end point, such as
tumor shrinkage)
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symptoms) in the absence of clinical reasoning to “dri-
ving across the country without a road map.”26

Knowing how to put facts together is crucial for
clinicians. It is no less important for members of the
general public who are struggling to make sense of
medical facts. We are not arguing that patients need to
become physicians but rather for the development of a
basic general education intervention that can familiar-
ize the public with how physicians think, know, and
communicate. If successful, this intervention would
help people make sense of the vast and growing
amount of health data to which they are exposed, not
only in the clinic but also through the Internet, in the
mass media, and in direct-to-patient pharmaceutical
advertising. 

First Draft of Content

Table 2 presents our tutorial’s table of contents. The
tutorial focuses on the following broad issues: what risk
is, what to look for in statements about risk or benefit,
putting risk in context, changing risk, and evidence.

What Is Risk? 

Attempts to discuss medical risk are easily under-
mined by the confusing and imprecise use of lan-
guage. Our tutorial begins by addressing common

sources of confusion (e.g., multiple meanings of the
word “risk”), how to use words (and the limits of
words) in describing risk, and ways to quantify risk
(such as probability, percentages, proportions, and
rates). It also introduces the reader to a scale designed
to facilitate quantification and communication of risk,
particularly risks of less than 1% (Figure 1). This
scale, which has been shown to perform well across a
wide sociodemographic range, will be used to help
teach people about small risks.27

What To Look for in a Statement about Risk

This section of the tutorial teaches the reader to look for
several essential elements in statements about risk. We
present actual statements taken from various sources,
including public health campaigns, direct-to-patient
advertisements, and reports in the mass media. For
example, we consider the familiar “1 in 9” breast cancer
statistic promulgated by the American Cancer Society.
Readers will be sensitized to ask such questions as,
What is the risk under discussion? (Is it the risk for
being diagnosed or for dying?), What is the time frame
under consideration? (Is it the next 5 years or a lifetime,
and what does “lifetime” mean?), and Who is at risk?
(All women? Women of a certain age? Women with
specific characteristics, such as a family history of breast
cancer?).

(10%)
10 in 100

(30%)
30 in 100

(50%)
50 in 100

(70%)
70 in 100

(90%)
90 in 100

 (0%)
0 in 100

(20%)
20 in 100

(40%)
40 in 100

(60%)
60 in 100

(80%)
80 in 100

(100%)
100 in 100

CertainNo Chance

(0.001%)
1 in 100, 000

(0.1%)
1 in 1000

No Chance (0.01%)
1 in 10, 000

(1%)
1 in 100

0

FIGURE 1. Magnifier scale for communication of risk.
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Putting Risk in Context 

A salient but unusual event—such as a celebrity dying of
a rare type of cancer—may give undue weight to certain
health risks. The tutorial emphasizes the need to put
risks into perspective. Readers are encouraged to ask
such questions as, How does the chance of getting this
disease compare with the chance of getting other dis-
eases or encountering other, familiar events? How dan-
gerous is the disease? (What is the difference between
developing the condition and dying of it?), and How  do
my chances of dying of this disease compare with other
competing risks? To illustrate competing risks, we will
use disease risk charts that we are now developing. The
chart in Table 3 shows 10-year disease-specific mortality
data for five diseases for women in 5-year age categories.
Moving across the table lets the user compare the mag-

nitude of each disease risk. Because many people may be
most concerned about their overall chance of dying, the
final column displays all-cause mortality to provide con-
text about how much each disease contributes to the
overall chance of dying. 

Changing Risk 

This section of the tutorial focuses on how to interpret
statements that measure changes in risk given a particu-
lar exposure or intervention. Briefly, we review the typ-
ical ways in which such information is presented (e.g.,
relative and absolute risk reduction and number needed
to treat). We then introduce the concept of framing. To
highlight the fact that not all risk factors and interven-
tions are equally important, we introduce benefit charts.
These charts help patients compare the relative effects of
a change in behavior or a specific intervention on all-

TABLE 3

Disease Risk for Women*

IMAGINE 1000 WOMEN YOUR AGE. OVER THE NEXT 10 YEARS, HOW MANY WILL DIE OF...

AGE GROUP
(yr)

20–24 

25–29 

30–34 

35–39 

40–44 

45–49 

50–54 

55–59 

60–64 

65–69 

70–74 

75–79 

80–84 

85+

CORONARY ARTERY
DISEASE†

1

3

6

12

22

39

65

110

180

340

420

BREAST CANCER

2

3

4

6

7

8

10

11

12

12

11

LUNG CANCER

1

3

6

10

15

18

20

19

15

9

COLORECTAL
CANCER

1

2

3

4

6

9

12

15

15

OVARIAN CANCER

2

2

3

4

4

4

4

3

ALL CAUSES

6

7

10

15

21

33

51

81

120

180

270

410

670

790

*Estimated 10-year disease-specific and all-cause mortality rates. For example, about 1 in 1000 women 35 to 39 years of age and about 39
of 1000 women 60 to 64 years of age will die of coronary artery disease in the next 10 years. We obtained 1996 mortality rates for 5-year
age groups from Surveillance Epidemiology and End Results (SEER) (cancer mortality rates) and the National Center for Health
Statistics (coronary artery disease and all-cause mortality rates). We converted these annual rates into 10-year probabilities by applying
the age-specific, disease-specific, and all-cause mortality rates for adjacent 5-year intervals. Numbers were rounded to facilitate interpreta-
tion and are rough estimates that should be accurate in terms of order of magnitude.
†Deaths from coronary artery disease include deaths attributed to acute myocardial infarction, previous myocardial infarction, angina,
ischemic heart disease, and subacute and acute forms of ischemic heart disease.

Less than 1 death in
each cell
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cause mortality. Table 4 presents a hypothetical benefit
chart that displays age- and sex-specific 10-year all-cause
mortality rates with or without a given intervention.
The numbers in the chart, although hypothetical, are
accurate in terms of order of magnitude. This example
shows that for a 55-year-old female smoker, giving up
cigarettes has a substantially greater effect on all-cause
mortality than annual mammography or colon cancer
screening does. 

Evidence 

The tutorial’s final section points out that there is uncer-
tainty in what we know and introduces the idea of grad-
ing evidence by highlighting basic types of study design
(e.g., differentiating between an observational study and a
randomized trial). We introduce the concept of a CI as a
way to quantify uncertainty, and we encourage readers to
ask themselves, Can I believe the data presented? Could
they be wrong? Readers are encouraged to be skeptical
and to be alert to the possible overinterpretation of single
studies, extrapolation from findings in animals to
humans, and extrapolation from intermediate end points
(e.g., tumor shrinkage) to ultimate end points (e.g., death).

Development Process

Figure 2 describes how we plan to develop the tutorial.
The first step is an iterative review process, involving con-
tent experts in education, mathematics, patient counsel-
ing, and epidemiology, to ensure that the tutorial materi-
al is accurate and clearly articulated. Once this review is
complete, we will recruit persons with diverse education-
al backgrounds to take the tutorial. After they have com-

pleted the tutorial, we will conduct “debriefing” inter-
views to assess what people learned, or did not learn, to
determine which presentations were unclear or confusing
and to obtain suggestions for improvement. After this sec-
ond iterative review process, we will have a final version
of the tutorial on which to conduct formal testing. 

Formal testing will be done with patients who rep-
resent our target audience (patients confronting impor-
tant medical decisions). We will ask patients to rate the
tutorial in terms of usability (e.g., the ease with which it
can be understood) and satisfaction (e.g., whether they
found it helpful, whether they think they will use the
information in making other decisions, and whether
they would recommend the tutorial to others). To see
whether learning has occurred, we will administer a test
of critical reading skills before and after exposure to the
tutorial. This test will involve critiquing and interpret-
ing statements about risk (e.g., it will use questions such
as, What does the following mean: “A woman’s chance
of breast cancer is 1 in 9”?) and will ask patients to inter-
pret a newspaper report on a scientific study and a
direct-to-patient advertisement. 

Potential Problems

Our approach has several potential problems. First,
some patients say that they do not want information,
and many of these patients would therefore have no
interest in our tutorial. However, it is possible that for
some people, an expressed lack of interest in informa-
tion may really be a fear that they would be unable to
understand what they are told. Our tutorial may make
quantitative information accessible to people who might
otherwise give up. Next, the tutorial may be too ambi-

TABLE 4

Prototype Benefit Chart for Women*

IMAGINE 1000 WOMEN YOUR AGE. OVER THE NEXT 10 YEARS, HOW MANY WILL DIE IF THEY...

AGE GROUP
(yr)

55–59

Deaths 
prevented†

2 
(1–3)

Deaths 
prevented

65
(50–80)

Deaths 
prevented†

1
(0.9–1.1)

No

130

Yes 

65

No

81

Yes

80

No

81

Yes

79

*Data presented are 10-year all-cause mortality rates with and without intervention and number of deaths prevented (95% CI).
†These numbers assume that the reduction in disease-specific mortality seen in trials is extended to all-cause mortality. Reductions in all-
cause mortality have not been consistently seen in these screening trials. Therefore, these estimates represent “best-case” scenarios.

QUIT SMOKING START ANNUAL SCREENING 
WITH MAMMOGRAPHY

START ANNUAL SCREENING 
FOR COLON CANCER

•
•
•

•
•
•



tious: Many of the concepts introduced are new, and
problems with numeracy may be hard to overcome.
Third, the effectiveness of our approach may be limited
in certain circumstances. For example, patients who face
new and serious decisions (e.g., those who must make
decisions about treatment at the time of a new cancer
diagnosis) may feel too emotionally overwhelmed to
make use of the materials. On the other hand, patients
in less-intense circumstances (e.g., an older man consid-
ering prostate-specific antigen screening) may find the
materials especially useful. Finally, whether the tutorial
will actually help patients make better decisions is open
to question. Understanding how patients use the mate-
rials and evaluating how the materials affect decision
making will require careful study.

Conclusions

The feasibility and positive effect of a general educa-
tion approach has been demonstrated in patient coach-
ing interventions.2–4 In these studies, patients who
were told about “the logic of the medical process” in
addition to being given specific facts were more likely
to participate in their own care and had improved
functional outcomes compared with patients who
received disease-specific information in isolation.
Although our approach builds on patient coaching, it is
fundamentally different. Whereas coaching prepares
patients to interact with clinicians, our intervention
prepares people to interpret quantitative health infor-
mation, regardless of its source. 

We expect that, like patient coaching, general edu-
cation will promote patient participation in care. Many
patients want information. Our tutorial may help
patients understand what sorts of questions they can
reasonably ask, believe that they will be able to make
sense of the data, and expect disclosure of uncertainty
about what they are told. Thus, the tutorial will encour-
age patients to learn about and compare their options.
Finally, it may help patients put disease-specific infor-
mation into the broad perspective of their overall health. 
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