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Communicating health information with 
visual displays

Steven Woloshin    1,2 , Yanran Yang3,4 & Baruch Fischhoff3

Well-designed visual displays have the power to convey health messages 
in clear, effective ways to non-experts, including journalists, patients and 
policymakers. Poorly designed visual displays, however, can confuse and 
alienate recipients, undermining health messages. In this Perspective, we 
propose a structured framework for effective visual communication of 
health information, using case examples of three common communication 
tasks: comparing treatment options, interpreting test results, and 
evaluating risk scenarios. We also show simple, practical ways to evaluate 
a design’s success and guide improvements. The proposed framework is 
grounded in research on health risk communication, visualization and 
decision science, as well as our experience in communicating health data.

Well-designed visual displays have unique potential for communicat-
ing complex information. They can show the structure of the data in 
ways that are impossible with text. They can allow users to explore the 
data in personally relevant ways. They can improve access for users 
with limited reading ability. They can reveal holistic (gestalt) patterns 
not readily rendered in words1,2. Poorly designed visual displays, how-
ever, can confuse and alienate recipients, undermining their ability 
to make sound health decisions and communicate with healthcare 
providers. In a painful ongoing example, ineffective communications, 
including poorly executed visuals, have been rife during the pandemic, 
revealing the limits to current practice in visual communication of  
health information3.

The potential for visual displays to enhance communication and 
public health has produced a torrent of visualization research, accele-
rated by the availability of computer programs for generating them. 
Most of that research addresses technical issues such as computational 
efficiency, statistical analyses, database integration or refresh rates, 
but a growing and important stream of research involves empirical 
studies of how well displays work for their intended users4–8. These 
studies, however, typically evaluate the relative usability of displays 
that differ in some theoretically interesting way (for example, color 
pallet, icon style9), and, as a result, they have little to say about the 
absolute usability of displays for real-world tasks. These studies sug-
gest design principles for potentially successful displays (for example, 
which icons work better), but the range and variation in potential dis-
plays and potential uses is so complex that studies of general design 
principles cannot predict how well any one display item will perform 

for its intended task. Nor can they say whether that performance is 
good enough, given the decisions and health outcomes that depend on 
it. As a measure of that complexity, one systematic review found that 
the literature contained evaluations of 392 different combinations of 
visual display design features and uses10. Therefore, any graphic for 
conveying health data needs dedicated testing to assess how well it 
performs with people such as the intended users.

There are many thoughtful summaries of best practices for 
display design4,11,12, informed, to varying degrees, by behavioral 
research. However, ‘best practices’ can still be inadequate, depend-
ing on the context. In this Perspective, we offer a simple and concise  
framework for designing visual displays of health information, 
informed by the experience captured in such best practices, while also  
recognizing the need for testing all displays when health depends 
on them. We illustrate the framework with three detailed case 
examples, showing the kinds of design decisions that are involved 
in creating visual displays for common communication tasks: com-
paring treatment options, interpreting test results and evaluating  
risk scenarios.

Designing effective visual displays
Our framework applies a decision science perspective13,  
integrating research in health communication, visualization and 
behavioral science, drawing on our own experience in health com-
munication research and practice. The key steps, which apply to any 
health communication context, are discussed below and summarized in  
Box 1 (refs. 14,15).
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de-emphasize or bury the facts that recipients do not know already. 
The only way to learn what people do and do not know is to ask them. 
Health literacy tests can suggest how much people know in general 
for the domains captured in their items18,19. However, these tests are 
unlikely to provide information about the audience’s knowledge of 
a specific topic.

Design draft displays to address communication challenges, 
drawing on principles from behavioral research
The limits to human judgment in processing uncertain technical infor-
mation have been the subject of extensive research13,20. The more that 
health communicators know about this research and its applications, 
the better they can create useful draft displays, building on recipients’ 
strengths and addressing their weaknesses. Some basic design prin-
ciples for display construction are outlined in Box 1. All displays need 
iterative testing and refinement. For practical purposes, a ‘think aloud’ 
protocol21,22 will often suffice: ask a group of people from the target audi-
ence, with diverse backgrounds, to say whatever comes into their minds 
as they examine a draft. Make it clear that they are testing the draft, not 
being tested themselves. These simple tests routinely reveal content that 
appeared clear to the drafter but was not clear to the recipient, content 
that seemed clear but was interpreted differently than intended, content 
that seemed to go without saying but did not and content that unwit-
tingly struck the wrong tone. By thinking aloud, participants can not 
only reveal unexpected problems but also suggest ways to remedy them.

Evaluate the final draft to assess its adequacy
Once revisions are complete, the final draft can be evaluated to antici-
pate users’ experiences with the display. Successful displays achieve 
high performance and high acceptability. Measures of performance 
ask how well people could use a display, if they tried. Measures of 
acceptability ask how willing users are to try. High performance should 
increase acceptability by rewarding the user’s efforts. High accept-
ability should increase users’ willingness to invest in the effort that 
successful performance requires.

For performance measures, we follow Galesic and Garcia- 
Retamero23, who categorize them as assessing users’ ability to (1) read 
the data, finding facts in a display and interpreting them as intended; 
(2) read between the data, comparing facts (for example, the benefits 
of different treatments); or (3) read beyond the data, applying the 
facts to practical problems. These steps echo Larkin and Simon2, who 
argued that whether ‘a diagram is worth ten thousand words’ depends 
on how well it facilitates three functions: search, recognition and infer-
ence. For acceptability measures, we follow Hullman et al.10, who offer 
a general schema emphasizing satisfaction, reading ease and trust  
(or confidence).

As we focus on displays for general audiences, we do not con-
sider individual difference predictors of recipients’ performance and 
judgments of acceptability. Peters provides an accessible general 
introduction24 to the extensive research literature on measures of 
numeracy25, perceived numeracy26, literacy, scientific reasoning abil-
ity27, decision-making competence28 and health literacy29. Good display 
design may bring the greatest benefits to individuals with lower levels 
of these abilities. Recognizing that diversity is critical in the develop-
ment of effective messages; broad recruitment of individuals for the 
pretests and evaluations is vitally important.

We emphasize testing because it is not only essential but also 
troublingly rare30. One likely reason for that rarity is that people tend 
to overestimate how well they understand one another, making testing 
seem unnecessary31. Indeed, the greater the communicators’ exper-
tise, the greater is their ‘curse of knowledge’, limiting their ability to 
anticipate recipients’ needs and responses32. As a result, experts may 
create a display that looks good to them and then mistakenly assume 
that it works equally well for an audience whose members have very 
different backgrounds. A second likely reason for the rarity of testing 

Analyze the audience members’ decision, to establish 
communication goals
A disciplined approach to communicating health information begins 
by setting clear communication goals for a well-defined target audi-
ence. This means thinking about the decision that audience members 
need to take to act appropriately on the information in the display and 
distinguishing the facts that they most need to know from the facts that 
it would be nice to know, among all the health facts that could possibly 
be shared. Decision science has formal procedures for identifying these 
critical facts16. For example, value-of-information analysis assesses the 
probability that learning a fact will change a decision17. However, talk-
ing to relevant audience members and thinking about the decisions 
that they face can go a long way toward focusing a communication.

Describe audience members’ current beliefs to identify 
communication challenges
Audience members may already know some of the critical facts. Repeat-
ing those facts can reinforce that knowledge; however, it can also 

Box 1

Framework for designing 
effective visual displays
1. Analyze the decision, to establish communication goals.
Understand the target audience, in terms of the decisions that they 
face, the options that they see, the resources that they have and the 
outcomes that matter to them.
Identify the medical facts and uncertainties most relevant to 
informing these decisions.

2. Describe audience members’ current beliefs to identify 
communication challenges.
Assess how audience members think about the issue to identify 
important gaps in their knowledge.
Consider which gaps just require information (for example, the 
effectiveness of unfamiliar treatments) and which are conceptually 
difficult (for example, integrating new information with prior 
beliefs).
Consult the research literature and colleagues about how best to 
close these gaps.

3. Design draft displays to address communication challenges.
Draw on principles from behavioral research, such as:
Use simple, familiar wording.
Structure complex tasks so that users can orient themselves (for 
example, comparing treatments).
Provide quantitative estimates of clearly defined outcomes.
Convey confidence in users’ ability to understand.
Pretest successive drafts.

4. Evaluate final display drafts.
Use measures of performance, testing users’ ability to read the data, 
read between the data and read beyond the data.
Use measure of acceptability relevant to how willing users are to try 
using the data.
For each task, there is no substitute for talking to people in the 
target audience. A few, open-ended interviews, structured around 
the task, will often be very revealing about the challenges faced by 
visual displays and how to meet them
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is that ‘testing’ can connote elaborate procedures, beyond the formal 
skills and material resources of many experts with something to com-
municate. As a result, we emphasize simple methods that anyone can 
follow (for example, think aloud protocols), hoping that resources are 
available for more extensive testing (per the examples below, tested in 
randomized trials) when individuals’ health depends on understanding 
communications.

Case examples
Creating successful visual displays requires a design process, informed 
by principles grounded in behavioral research and disciplined by testing. 
The set of potentially relevant design principles is too vast to summarize 
or absorb in one article. Instead, we illustrate design thinking, structured 
around a simple framework for organizing the design process, and basic 
measures for evaluating its success, and we illustrate the process with 
three examples, chosen to represent common heath communication 
tasks, for which a visual display may be worth at least a thousand words. 
These tasks are (1) comparing medical treatments, illustrated with a 
drug fact box; (2) interpreting medical test results, illustrated with an 
infographic for a widely distributed coronavirus disease 2019 (COVID-19)  
home test; and (3) evaluating exposure scenarios, illustrated with the risk 
heatmap used in negotiations around reopening movie sets before the 
availability of COVID-19 vaccines. Each example went through multiple 
rounds of pretesting before evaluation of the final product.

A drug fact box for comparing two medical 
treatments
Establish communication goals
Informed decisions about medical treatments require estimates of 
their expected risks, benefits and uncertainties, contrasted with those 
of alternative treatments. This evidence is often hard for patients to 
find and sometimes even for providers. Patients and providers need 
not only trustworthy sources but also quantitative estimates of the 
expected effects: how large are the expected harms and benefits? How 
strong is the evidence? Instead, they often find vague verbal quanti-
fiers of promises (‘can improve’) and fears (‘may cause’), sometimes 
in overwhelming laundry lists of things that can go right and wrong. 
Many studies document how poorly verbal quantifiers communicate, 
as they can be interpreted differently by different people in one context 
and by the same individual in different contexts33,34. For example, one 
study found that people assigned probabilities ranging from 0% to 48% 
to the word ‘unlikely’ (ref. 33).

Identify communication challenges
Satisfying users’ essential information need for quantitative estimates 
means first identifying the outcomes that matter to them; next, esti-
mating these outcomes for alternative treatments (including perhaps 
no treatment); and, finally, conveying these estimates in useful form. 
The first challenge is addressed by talking to patients to find out which 
outcomes matter. The second challenge requires eliciting medical 
experts’ substantive knowledge. The third challenge requires helping 
patients make sense of diverse facts, expressed in unfamiliar terms, 
perhaps swirling in their minds along with counterclaims and intui-
tive mental models. Each challenge requires respecting the diversity 
of users whose personal circumstances may make different choices 
appropriate for them.

Design draft displays
Drug fact boxes35, like the one in Fig. 1, address this challenge, guided 
by several widely applicable design principles36,37. One principle is 
structuring the users’ task to contrast the benefits and risks of the 
treatment options. A second principle is expressing the outcomes in 
everyday terms, consistent with medical evidence and using numbers 
to avoid the ambiguity of verbal quantifiers. A third principle is express-
ing effects as absolute risks, rather than relative ones, avoiding the 

ambiguity when, for example, ‘doubling’ a risk might mean changing 
its probability from 10% to 20% or from 0.0001% to 0.0002% over a 
single dose or a lifetime of usage. Other key principles illustrated by 
this example include using common units (in this case, percentages), 
describing the evidence base and giving the gist38 of the uncertainty 
(e.g., bottom of Fig. 1) without cumbersome quantification, such as 
confidence intervals. Crucially, the fact box’s communication of the 
Food and Drug Administration (FDA)’s evaluation of the drug takes no 
stance on patients’ decisions, consistent with ‘FDA approval’ meaning 
that the FDA allows, but does not recommend, product use. Of note, this 
example expresses outcomes as both probabilities and frequencies, a 
practice that later research found unnecessary, as people understood 
probabilities better39.

Evaluate the final draft
The fact box in Fig. 1 has a lot of information, including many numbers. 
As with all displays, how well it works is an empirical question. It was 
evaluated in a randomized controlled trial, in which a representative 
sample of US adults received an actual direct-to-consumer newspaper 
ad for Pridclo (clopidogrel) to reduce heart attack risk, with either the 
legally required (small print) ‘brief summary’ or the drug fact box35. 
The evaluation study asked simple questions assessing users’ ability 
to read the data, by reporting estimates in the box; to read between 
the data, by comparing estimates with and without the treatment; and 

Fig. 1 | A drug fact box for comparing treatments. The image shows a drug 
fact box, created as the intervention component of a randomized trial that 
compared it to standard drug information on measures of consumer knowledge 
and judgments about prescription medication choices. The display underwent 
pretesting (cognitive interviews, before–after studies) and was evaluated in two 
randomized trials35–37.
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to read beyond the data, by indicating which treatment they would 
choose, if they had a relevant medical condition. The evaluation study 
assessed acceptability with simple rating scales for how easy it was to 
find information in the box, how easy it was to understand that informa-
tion and how important it was to have it. By all measures, the fact box 
outperformed the usual ‘brief summary’. In most respects, the box also 
performed well in absolute terms; that is, it put people in a position to 
make informed choices. The same was true with three other drug fact 
boxes tested in the same randomized controlled trial.

An infographic for interpreting test results
Establish communication goals
Throughout the COVID-19 pandemic, testing has been assigned a pivotal 
role in helping people to protect themselves and others. Recognizing the 
cost and complexity of administering PCR tests, the United States (and 
other countries) encouraged use of home antigen tests, with govern-
ments providing hundreds of millions of free tests. When the US FDA 
approves a test, it also approves its instructions, including, crucially, how 
to interpret and act on test results. However, whereas the FDA requires 
detailed evidence on the efficacy of the test itself, it requires none for 
the instructions on test interpretation and subsequent actions, relying 
instead on regulators’ intuitions about user behavior.

Identify communication challenges
When test results are not definitive, interpreting them requires integrat-
ing their uncertain message with the uncertain belief that motivated 
taking the test, namely, the prior probability of having the condition. 
With COVID-19 tests, the prior probability should be higher if users have 
COVID-19-like symptoms or think that they might have been exposed to 
the virus. However, people often pay undue attention to the test result 
and insufficient attention to the prior probability, a bias sometimes 
called ‘base-rate neglect’ in decision science research40. In the context 
of COVID-19 testing, neglecting an elevated prior probability (due to 
feeling bad or being exposed) could mean relying too heavily on a test 
result that might be a false negative, given the home test’s imperfect 
sensitivity. This misinterpretation would lead, in turn, to taking unreal-
ized and undesired risks. Overcoming this bias is the primary challenge 
in interpreting test results. Of note, the high specificity of the tests 
means that false positives are rare, and, when they occur, the result is 
arguably less problematic than a false negative; a false positive could 
simply lead to undue caution, if users neglect the prior probability 
associated with feeling fine and having no suspected exposure.

Design draft displays
The FDA-approved instructions for the first home test kit with 
emergency-use authorization followed several sound design principles. 
These principles included having a single comprehensive document, 
offering more than one format (a folded pamphlet and an electronic ver-
sion) providing background information about COVID-19 and the test 
kit, giving step-by-step instructions for performing the test, answering 
frequently asked questions and giving test-performance statistics in 
numeric terms (although, unfortunately, using ones that may have 
misled users, namely, laboratory-based measures such as ‘percent 
agreement’ with a PCR test that likely overestimated real-life perfor-
mance). The FDA-approved document also described what to do with a 
positive or negative test. However, that section seemed long, cramped 
and dense, with vital information about test interpretation seemingly 
buried in general information. It briefly mentioned the implications of 
having symptoms but not of potential exposures.

We designed the infographic visual display41 in Fig. 2 as a possible 
alternative. A critical design principle is walking users through the steps 
of interpreting test results, highlighting their prior probability and 
its implications for interpreting test results. Other design principles 
include using colors that evoke the associated action states, varying 
text size to highlight critical material, adding icons to structure the 

display and break up the text, including a reminder summary and 
keeping unnecessary text to a minimum. Unlike the drug fact box 
and FDA-approved instructions, the display includes no numerical 
estimates. Recognizing the robustness of the base-rate bias, it does 
the integration for users.

Evaluate the final draft
In a randomized controlled trial41, members of a diverse (but not nation-
ally representative) online sample were randomized to receive the 
FDA-authorized instructions, the visual display in Fig. 2 or no instruc-
tions at all. In each condition, we tested their ability to read the data by 
asking for the likelihood of being infected, given a positive or negative 
test result. It was appropriately higher when participants were asked 
to assume symptoms, exposure and a positive result, indicating both 
knowledge and attention to the instructions.

We tested participants’ ability to read beyond the data by asking 
what action they would take, with and without prior exposures or 
COVID-19-like symptoms. Our primary outcome was whether they 
chose actions consistent with US Centers for Disease Control and 
Prevention (CDC) guidelines. When asked to assume a positive test 
result, almost all participants in each group reported the appropriate 
action (that is, quarantine). However, when asked to assume a negative 
test result and symptoms or exposure, they were more likely to report 
the appropriate action with our visual display than with the approved 

Fig. 2 | An infographic for interpreting COVID-19 test results. The image shown 
was used as the intervention component in a randomized trial to help consumers 
understand how to act on COVID-19 home test kit results. The infographic 
was designed according to decision science principles; pretesting included a 
'think aloud' protocol. The format was tested in a randomized trial against the 
FDA-authorized instructions or no instructions; the outcome measure was the 
proportion of participants following CDC guidelines for a given test result. The 
format proved superior to the approved instructions, which, in some cases, were 
worse than no instructions at all41.
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instructions, which were sometimes worse than no instructions at all. 
When asked to assume a negative result and no symptoms or exposure, 
the groups responded similarly (that is, no quarantine), meaning that 
the visual display did not merely produce more cautious behavior in 
general, rather, it encouraged behavior in line with CDC guidance. 
Despite its superior performance, the visual display was rated similarly 
to the authorized instructions on three measures of acceptability: 
usefulness, helpfulness and reading ease. Thus, better acceptability 
ratings are no guarantee of better performance.

A risk heatmap for evaluating risk scenarios
Establish communication goals
Movie sets were one of many workplaces closed in the COVID-19  
lockdown. They might have been one of the most challenging to reopen, 
with critical work requiring close, unmasked interpersonal contact.  

The governors of two of the three US states with the largest movie indus-
tries (California and New York but not Georgia) asked the industry to 
produce a reopening proposal for their approval. Four union-led groups 
coalesced around a single plan, ‘the Safe Way Forward’ (ref. 42), as a 
basis for negotiating with the studios and the states. The plan specified 
work practices such as no buffet and no shared makeup and restricted 
access to the close contact zone (for example, no catering or drivers).

The plan, however, left open the amount of testing required. 
Instead, it used the eight risk heatmaps43 in Fig. 3 to show the disease 
risks associated with multiple scenarios, involving different testing 
protocols and pandemic conditions. Visual displays are well suited  
to presenting such complex information. In their negotiations, the 
states, studios and unions had expert support in interpreting the  
heatmaps. Once the sets were opened, however, individual workers  
were on their own. Each had to decide whether the risks were  
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Fig. 3 | Risk heatmaps for reopening movie studios during the COVID-19 
pandemic. The image shown was evaluated in a survey-based study in which 
respondents, drawn from an online convenience sample, were given the risk map 
with brief instructions and asked a series of questions assessing comprehension 
and the ability to use the map information appropriately. The figure shows the 

expected number of COVID-19 cases (left) and probability of at least one case 
(right) for four testing frequencies. ‘Zone A’ denotes the close contact zone. 
The bar at the right shows the risk associated with the color for combinations of 
community infection (% CI) and community transmission (R0) rates for a 30-day 
shoot with 100 people, following the Safe Way Forward42 protocol43.
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personally acceptable. The heatmaps could inform these decisions,  
if users could understand them.

Identify communication challenges
For most people, the heatmaps are an unfamiliar display, with an 
unfamiliar kind of data (risk estimates based on model simulations), 
determined by three unfamiliar parameters: testing frequency, com-
munity infection rate (% CI) and community transmission rate (R0). 
They hold constant two other parameters: the on-set transmission 
rate, reflecting the practices in the plan (R0 = 0.95), and the extent of 
the exposure (30 days for 100 people). Successful users would have to 
be able to orient themselves in this space, interpret its elements and 
use them appropriately.

Design draft displays
The heatmaps embody several design principles. They structure a com-
plex domain in an orderly, transparent way and focus on the dimensions 
most critical to determining risks. They use an intuitive color scheme44. 
They convey an appropriate degree of precision and allow users to 
find risk estimates relevant to their own circumstances. In addition, 
the accompanying text introduces the heatmap elements sequen-
tially, rather than throwing users into a complex display. Another key 
principle is incorporated in the simple and supportive writing style, 
assuming that users will understand. The text within the display, along 
with the rest of the Safe Way Forward plan, was iteratively revised in 
consultation with union members, addressing the need for pretesting.

Evaluate the final draft
A study was conducted43 to evaluate whether non-experts could under-
stand and use the heatmaps when presented as they were in the Safe 
Way Forward. The study used a diverse online sample (like that in the 
previous study). Participants were asked to imagine being a star who 
wanted a role but did not need the money. Researchers then explained 
the display elements sequentially, indicating that (1) the color shows 
the risk level; (2) the bar on the right shows what the color means; (3) 
the horizontal axis shows how high the disease level is in the community 
(% CI); (4) the vertical axis shows how fast the disease is going around 
(R0); and (5) the panel shows the frequency of testing. Participants 
considered heatmaps for one of the two measures: one person’s prob-
ability of getting COVID-19 (on the right) or the expected number of 
cases (on the left).

Study tasks asked participants to read the data, by reporting the 
risk associated with one combination of percent CI and R0 values, for 
each heatmap; to read between the data, by reporting whether they 
would accept the risk for five (% CI, R0) combinations in each heatmap; 
and to read beyond the data, by reporting the minimal acceptable test-
ing frequency for three (% CI, R0) combinations. Open-ended questions 
asked participants to elaborate on these structured responses. Their 
performance revealed substantial mastery of all three tasks. Most 
reported that the heatmaps were well explained on the one accept-
ability question.

Conclusion
Visual displays can be effective ways of communicating complex infor-
mation. Computer programs now offer vast arrays of options to even 
casual users (for example, templates, colors, icons, layouts). Whether 
visual displays fulfill their potential depends on how well the intended 
audience can use them (performance) and how willing they are to try 
(acceptability). The growing behavioral research literature on visualiza-
tion4,6,7, building on generations of prior research on perceptual and 
cognitive processes, offers design principles that can help profession-
als design effective displays for the endless possible combinations of 
tasks, topics, users and settings.

Effective communication of health data is more important than 
ever before, particularly given the prominence of misinformation 

and the myriad sources of online information. By providing a simple 
framework and illustrative case examples for use of visual displays of 
healthcare information, we hope to have helped medical professionals 
in this vital mission.
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