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The ability to understand and use numeric information in healthcare and clinical

research is a critical component of informed decision-making for patients and

study participants. Health numeracy levels in the general population, however,

tend to be quite low and as such, the responsibility falls on communicators

to ensure that the information being shared is designed to facilitate recipient

comprehension and support their autonomy. Here, we introduce health numeracy

considerations within the clinical research context and outline specific areas

that can benefit from thoughtful communication strategies, including the

presentation of visual information to augment the interpretation of, and learning

about, research studies. Specifically, we discuss seven categories of numeric

concepts that arise throughout the course of research participation and important

considerations when presenting such information. Increasing awareness amongst

communicators about health numeracy and the need to include supportive

visual representations when developing and sharing clinical research-related

information will help support the creation of tailored information that meets the

needs of the intended audience.
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Introduction

Over the past few decades, health literacy, or the degree to which individuals have

the capacity to obtain, process, and understand basic health information needed to make

appropriate health decisions (Nielsen-Bohlman et al., 2004), has been the subject of focus

and attention. Numeracy, however, has not garnered the same degree of interest. Health

numeracy has been defined as “the degree to which individuals have the capacity to access,

process, interpret, communicate, and act on numerical, quantitative, graphical, biostatistical,

and probabilistic health information needed to make effective health decisions” (Golbeck

et al., 2005). Much of the information that is given to patients and participants in written

and electronic health and research communications is quantitative, including content such

as medication schedules, nutrition information, laboratory values, and the risks and benefits

of therapies (Ancker and Kaufman, 2007). For healthcare practitioners, sharing complex

numeric information related to health and research in a way that is understandable to the

patient is challenging.Whether it is the probability of experiencing a side effect, the statistical

significance of a specific result, or making sense of a particular health score, the information

must be presented with the end user’s experience and comprehension in mind. The ability

to understand and use numerical and mathematical concepts in daily life, or numeracy, is

foundational for people to understand their health, medical conditions, risks, and options
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for medical care. This health numeracy is also applicable in the

context of clinical research when people are deciding whether

to enroll or to stay in a study, as well as when they receive

research results.

Despite its importance, however, adult numeracy skills tend to

be quite limited. The Programme for the International Assessment

of Adult Competencies (P.I.A.A.C.) which measures proficiency

of adults aged 16–65 years in key information-processing skills,

is one tool that includes a numeracy measure. In the U.S., the

P.I.A.C.C.’s 2017 numeracy results (O.E.C.D., 2019) show that the

average numeracy score was significantly lower than the O.E.C.D.

average, and that almost two thirds of the survey population either

struggle with or are unable to complete numeracy-related tasks.

Given limited numeracy levels and appreciating that raising

individual and population numeracy skills is desirable but difficult,

there is now an increased emphasis not on the recipient of

the information but on the communication team’s role and

responsibility to share clear information. This focus on the

communicator follows from Healthy People 2030’s updated

definition of health literacy that expands beyond personal health

literacy to include organizational health literacy defined as “the

degree to which organizations equitably enable individuals to find,

understand, and use information and services to inform health-

related decisions and actions for themselves and others” (U. S.

Department of Health Human Services, 2019). Health numeracy

could benefit from a similarly expanded definition.

It is important that medical- and research-related content,

including numeric information, be developed and communicated

in ways that support recipient comprehension. The communicator

should develop the skills and abilities to transfer information in

ways that are understandable and usable by people across a range of

proficiency levels. To our knowledge, there are no freely available

training and capacity-building programs that focus explicitly

and exclusively on the communication of complex numeric

information in the clinical research context, thus our intention

is to present strategies that support numeric comprehension

across the life cycle of a study. Here we focus on health

numeracy considerations for communicating and visualizing

numeric information in clinical research. Although we anticipate

that well-developed content could present a learning opportunity

and have sustained impact for participants, our focus here is

not on the numeracy levels of the recipients of the information

but rather on methods that can strengthen the presentation

of numeric research-related content by communicators, with

an emphasis on accompanying visuals that can support user

understanding. We end with recommendations to enhance

communication of numeric and mathematical relationships

relevant to clinical research.

Health numeracy in clinical research

Health numeracy is necessary for people to understand

their health, medical conditions, risks, options for medical care

and research involvement, and the financial consequences of

seeking treatment or joining a research study. Limited health

numeracy is associated with distorted perceptions of risks and

benefits of screening, reduced medication compliance, delayed

treatments, impaired risk communication, and adverse medical

outcomes (Reyna et al., 2009). Participation in clinical research

is also impacted by limited health numeracy. For example,

an informed decision about research participation can require

a person to understand the probability of experiencing a

potential risk of an experimental intervention or the concept of

“randomization”. Participants’ ability to follow through with the

expectations of the research requires an understanding of the

study schedules and procedures, and of dosages and timing. In

the clinical research context, appreciating the risks and benefits,

the trade-offs, and importantly, the likelihood of those risks,

benefits, and alternatives occurring, ground informed consent and

enable autonomy.

The Belmont Report (The National Commission for the

Protection of Human Subjects of Biomedical Behavioral Research,

1979), Declaration of Helsinki (World Medical Association,

2013), and the Council for International Organizations of

Medical Sciences (C.I.O.M.S.) (C.I.O.M.S., 2016), all set forth

principles of autonomy and respect for persons. Both the HHS

Common Rule (U. S. Department of Health Human Services,

2018) and FDA research regulations at 21 CFR 50 (U.S.

Food and Drug Administration, 1999) require that “information

that is given to the subject or the representative shall be in

language understandable to the subject or the representative”.

“A language understandable”—and participant understanding—

extends beyond the informed consent form to include recruitment

materials, participant instructions, patient-reported outcomes,

surveys, and plain language summaries, among others. “Language

understandable” also refers to any numeric information provided

to participants. Recruitment, consent, and other research-related

information must strive for patient and participant understanding

to support values-concordant decision-making.

Understanding, and understanding numbers specifically, is

especially important in the clinical research context. The premise

of conducting valid clinical research is the expectation that

generalizable knowledge will result. While some research studies

have the possibility of benefit for the individual, there is no

guarantee that an intervention will be helpful, and there is

always the risk of harm. People considering research participation

must therefore understand concepts such as risk, randomization,

as well as likelihood, uncertainty, and potentiality, and these

concepts are often accompanied by numbers, percentages, rates,

probabilities, and graphics. For all individuals, regardless of

baseline health literacy and numeracy levels, the complexity

of research information can contribute to cognitive burden,

thus requiring extra attention by communicators to support

comprehension. Research on health literacy and numeracy has

found that each were independently associated with people’s

interest in participating in future research studies (Kripalani et al.,

2019). Further, numeracy proficiency positively correlated with

interest in research even when adjusted for age, race, education, and

income, each of which are known to correlate with research interest

(Kripalani et al., 2019). Communicating numeric information

clearly, therefore, will also help support research engagement and

inclusion that undergirds equity, leading to more representative

participation in, and satisfaction with, biomedical research.
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Health numeracy and the clinical
research life cycle

While numeracy is often subsumed under the broader umbrella

of health literacy, it is its own area of expertise. The presentation

of meaningful numeric information is important throughout the

participant journey and in each stage of the clinical research life

cycle, which can be loosely broken down into five stages (Baedorf

Kassis et al., 2019). At the first stage, which can be thought of as

a time of discovery and awareness, a person learns about research

and related concepts more generally. Next, the recruitment stage is

when a person is informed about a specific study for which they

might be eligible and is invited to learn more. This second stage

includes targeted, relevant written and verbal invitations to join

a research study. The third stage refers to the consent process,

when a person receives details about the study requirements

verbally and in writing and then decides whether to participate.

Those who consent to participate in research enter the fourth

stage which consists of being on-study and partaking in the study

activities. At this stage the participant may continue to receive

information, instructions, and reminders about ongoing research

procedures, data collection and adverse event reporting. Finally,

the fifth stage is the end of the study, when individual study

participation ends and, later, when the study closes. This is when

results information in the form of plain language summaries, which

include numerical information, could be shared with participants.

The five stages of the clinical research life cycle, potential health

numeracy opportunities, and examples of uses and graphics are

described in Table 1.

Critical health numeracy concepts
across the clinical research life cycle

The numeric information most often shared in the course

of clinical research correlates, and can be aligned, with existing

frameworks such as the Health Numeracy Framework (Schapira

et al., 2008), which includes three broad conceptual domains

(primary, applied, and interpretive health numeracy) and related

sub-categorical elements that apply in the clinical research context

(e.g., dates and time, medication adherence, absolute and relative

risks and benefits, risk and probability, chance and uncertainty).

With this framework in mind, and based on our experience in

clinical research and work with investigators and study teams,

we present seven common numeric concepts in clinical research

for which optimizing the presentation of information for patients,

participants, and their caregivers can support informed decision-

making and engaged research participation. In addition, we

illustrate where graphical representation and applying health

numeracy best practices might be helpful.

Understanding risks and potential benefits

Deciding whether to participate in clinical research is based, at

least in part, on an understanding of risks, burdens, and potential

benefits not only of the condition or disease but also of the study

itself, and potential alternatives. That understanding is essential

for an effective informed consent process. When considering

the potential participant, the communicator must attend to the

character of the condition that is the subject of the study on the

continuum of (1) severity from mild (e.g., intermittent migraine,

eczema) to severe (e.g., metastatic cancer, major depression with

suicidality), (2) impact on quality of life from modest (e.g., mild

discomfort when climbing stairs) to significant (e.g., bedridden in

severe pain), (3) timeframe from self-limited (e.g., a headache) to

persistent (e.g., arthritis) to relapsing (e.g., multiple sclerosis) to

progressive (e.g., dementia), among others. The available treatment

alternatives, how well they are tolerated, and the risk of doing

nothing are also important. Thus, the consequences of a severe

illness—and therefore the choices made—may differ for a young

adult than for a 97-year-old with multiple chronic conditions.

A clear presentation of the current medical state and treatment

alternatives is necessary, only after which a potential participant can

consider whether the risks and potential benefits of participation

in research are acceptable. Yet, weighing the risks and potential

benefits involves understanding probability, a concept that is

challenging for many.

Limited health numeracy has been found to distort

perceptions of the risks and benefits of screening, reduce

medication compliance, impede access to treatments, impair risk

communication (limiting prevention efforts among the most

vulnerable) and, adversely affect medical outcomes (Reyna et al.,

2009). Low numeracy is also associated with greater susceptibility

to extraneous factors [i.e., factors that do not actually change

the objective numerical information such as how information

is presented (e.g., frequencies vs. percentages) and to bias (e.g.,

positive vs. negative framing bias)] (Reyna et al., 2009).

Principles and guidance for how to present numerical risk

information in a way that is understandable are applicable within

the clinical research context (Table 2).

Written documents and verbal explanations should be

annotated with and supplemented by graphical representations

whenever possible (Lipkus and Hollands, 1999). Numbers should

be expressed numerically, not in words and preferably without

using decimals (e.g., “78½” not “seventy-eight and one half” or

“78.5”) and, unless precision is necessary, rounded to the nearest

whole number (79 or 80%) and preferably also expressed as a ratio

(“about 4 out of 5”) (Brase et al., 1998; Lipkus, 2007). When ratios

are given or comparisons are made, examples to everyday life are

helpful. It is also important to focus on the numbers, explanations,

and graphics that make up the critical elements of a decision. For

example, serious adverse events, even if rare, are important to

explain given the significance of the consequences if they occur;

conversely, likely adverse events may be important to discuss, given

their frequency, even if mild.

People learn and understand differently, so data, whether

pertaining to risks, instructions, or results, should be presented

in multiple formats, including graphics and visualizations, when

possible, in addition to verbal explanations. For representation

of risk, icon arrays may be helpful (Lipkus, 2007): numerators

should be accompanied by denominators (Reyna and Brainerd,

2008), color contrast should be sufficient to be visible (Post and
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TABLE 1 The clinical research life cycle, health numeracy opportunities, and examples of uses and graphics.

Life cycle stage Health numeracy opportunities Examples of uses and graphics

Discovery and awareness:

Public awareness of, education about,

and access to clinical research

• Share information to help communities become more

aware about prevalence and incidence rates of specific

health issues (and how researchers are studying them), as

well as information on risk and severity.

• Describe research as a general concept and how it can help

more broadly, as well as what kinds of studies may already

have taken place in that community.

• Get to know the population(s) that you intend to enroll

and, when possible, involve them in the study

development process.

Use examples:

• Prevalence

• Incidence

• Disease risk and severity

• Options for treatment

• Uncertainty of research

Graphics example:

Recruitment:

Targeted, relevant, written and verbal

invitations to join research

Share specifics to introduce the research study to potentially

eligible individuals to determine interest and willingness to

participate.

Use Examples:

• Time commitment

• Study procedures

• Randomization, blinding, etc.,

• Risk—to be eligible and of being in the study

• Financial costs, compensation

• Impact on insurance coverage

Graphics example:

Consent:

Clear written information and verbal

conversations about informed consent

to research participation

• Share the detailed informed consent document to support

informed decision-making about whether or not to

participate in the study.

• Reiterate information shared during recruitment

interactions and consider what potential participants need

to know in order to join the study.

Use examples:

• Randomization details

• Number enrolled

• Potential risks, benefits, and the risk:benefit ratio

• Sample amounts

• Study visits and medication schedule

Graphics examples:

(Continued)
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TABLE 1 (Continued)

Life cycle stage Health numeracy opportunities Examples of uses and graphics

On study:

Clear information about ongoing

research procedures, data collection and

reporting

Share reminders about the study and study visits with

participants on a regular basis, using each encounter to

re-affirm informed consent, reiterate study procedures and

expectation, and engage in dialogue about any challenges

that may need to be mitigated in order to support a person’s

continued research participation.

Use Examples:

• Study medication & treatment schedule

• Potential risks

• Patient reported outcomes tools

• Survey and other instruments

Graphics examples:

End of Study:

Plain language summaries, results

reports and publication of research

findings

• Share a thank you with all participants for their

contribution to the study.

• Whenever possible, include a timeline for when results

will be available, then follow through on disseminating

end of study results.

Use examples:

• Study results

• Rates of adverse events

• Late effects

• Genetic risks

Graphics example:

Goode, 2020), and bias should be avoided (Petrova et al., 2014) (see

Figure 1A). If data sets have a relatively small number of categories,

pie charts can demonstrate risks, potential benefits, and results

(Mendenhall et al., 2012); showing both positive and negative

results is important, and the communicator should consider not

only the order of presentation—whether to present positive or

negative first—but also the color dominance, size, and balance

(Figure 1B).

Other graphical representations of risk are available to be

adapted to specific situations (Figure 2) (Visualizing Health, 2022).

When representing risk, a red (e.g., “bad”) green (e.g., “good”)

color scheme is often used. It is important to annotate color scales

with numbers to guard against misinterpretation and to address

the needs of people with color vision deficiency. While graphics

may be intuitive and self-explanatory, the communicator should

nevertheless keep inclusivity and accessibility aspects in mind, such

as using neutral, plain language words to explain the information

(Table 2).

When either explaining (in words) or showing (in graphics)

risks or benefits, care should be taken to present absolute

rather than relative probabilities, frequency estimates not single-

event probabilities, and mortality rates rather than survival rates

(Gigerenzer et al., 2007; Naik et al., 2012). Describing the risks

and benefits of a screening test, Gigerenzer et al. (2007) clarified

the differences in a helpful example. In relative risk reduction, a

biannual screening test will reduce the chance of dying by one-

third over the next 10 years. In terms of absolute risk reduction,

the biannual screening test will reduce the chance of dying from

3 in 1000 to 2 in 1,000 over 10 years. For health economists

(and some patients), the number needed to treat is a different but

helpful concept: if 1,000 people have the biannual screening test,

one person will be saved from dying every 10 years. While each

of these statistics reflect the same data set, the implications differ.

How a prospective participant interprets the information will also

vary and likely impact their decision-making.

Uncertainty

As an extension of understanding probabilities is the

consideration of uncertainty. Given limitations in scientific

knowledge, medicine is uncertain in its diagnostics, therapeutics,

and preventive approaches (Bhise et al., 2018; Kim and Lee, 2018).
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TABLE 2 Communicating numeric information: recommendations and examples.

Category Recommendations Example: before Example: preferred

Numbers Present numbers as numbers not words Seventy-eight and a half 78½

Round or estimate to nearest integer 78.5% chance 79% chance (or, if estimate sufficient,

80% chance)

Use frequencies, not decimals or percentages 79% chance 79 out of 100 people

Avoid complexity 80% chance About 4 in 5

Explain in words as well as numbers 78.5% chance A 78.5% chance means “Likely” or

“Very likely”

Ask participants which units are most

understandable

Dilute in 250ml Dilute in 8 ounces (1 cup) of water

Keep units the same 14 days vs. 3 weeks 14 vs. 21 days, or 2 vs. 3 weeks

Keep denominators the same in comparisons 1 in 20 vs. 1 in 5 people 5 in 100 vs. 20 in 100 people

Use absolute risk, not relative risk 3 times more people were cured with

Drug A than Drug B

With Drug A, 3 out of every 100 people

were cured. With Drug B, 1 person was

cured out of 100

In addition to absolute risk, include comparison

where applicable

78.6% chance of bleeding while on the

study medication

The chance of bleeding is significantly

increased while taking the medication

Graphical displays Recommendations Example: before Example: preferred

Use of graphics Use for relevant comparisons and in association

with verbal explanations

Verbal comparisons alone can be hard

to understand

Use:

• Complementary tables to organize

and present numeric information

• Line graphs to show change over time

• Pie charts to demonstrate ratios

• Bar charts to compare numbers

• Icon arrays to depict ratios

Icon array Show denominator Numerator alone without denominator Both numerator and denominator

Avoid abstract shapes with poor contrast Use of abstract shapes Use of stick figures

Verbal explanations Use simple and common words 52% About half

Use standard language for risk and potential

benefit, with numerical likelihood and, if

possible, graphical representation

Use of vague terms “very possible” or

“somewhat likely”

• Very likely (or very common) (e.g.,

“More than nine out of every 10

people. . . ”)

• Likely (or common)

• Possible

• Unlikely (or rare)

• Very unlikely (or very rare)

State frequency rather than statistics, with

graphical representation if possible

5% of people will have adverse events Five out of every 100 people will have

adverse events

(Continued)
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TABLE 2 (Continued)

Category Recommendations Example: before Example: preferred

Notion of “likelihood” may be different based

on how the numbers are presented

12% or 12 in 100 chance is perceived as

less likely than stating one in eight

chance of bleeding

A one in eight chance of bleeding may

be perceived as “more likely” than 12%

chance

Present both positive and negative outcomes Three out of every 10 people improved

on this drug

Three out of every 10 people got better

on this drug, while seven out of every 10

did not

Supplement verbal explanations with graphics One in five patients were cured

One out of every five patients was cured

Use examples that are meaningful You may gain up to 10% of your weight

on the experimental treatment.

Your weight may increase up to 10% on

this study. For example, if you weigh

150 pounds, your weight may increase

to 165 pounds on this study.

FIGURE 1

Two di�erent representations of ratios. (A) Two sample icon arrays. The first indicates how many people did well (red) compared to those who died

(dark gray) and/or experiences a serious adverse event (light gray). The second shows how many experienced a serious adverse event (blue) or died

(black). The data is the same; the emphasis very di�erent. This image is based on original research and designs from Visualizing Health, a

collaborative project between the University of Michigan and the Robert Wood Johnson Foundation made publicly available via Creative Commons

license. Use of this image is not an endorsement from Visualizing Health. For more information, visit www.vizhealth.org. (B) A pie chart to depict the

potential di�erence in interpretation of the same information presented in di�erent ways. Presenting the first emphasizes the positive response; the

second is a more fair and balanced representation of the same data.

In recognizing medical uncertainty for the population, however, a

paradox emerges that further complicates an individual’s decision:

while statistics are important to garner a sense of the likelihood

of an outcome, for any given participant, the outcome is 100%.

The likelihood of curing a certain cancer may be 0.01% or 1 in

10,000, but if that single person is “the 0.01%”, that person is cured.

Similarly, it is important to understand that a serious adverse

event may be very rare, but the consequences for the participant,

when it occurs, are significant. With this knowledge, a participant’s

character and disposition—and even their current mood—may

impact choice, independent of health numeracy proficiency (Reyna

et al., 2009; Fehr-Duda et al., 2011). A strictly scientific approach to

any decision is further imperiled by “therapeutic misconception”

(Appelbaum et al., 1987; Miller and Brody, 2003), the participant’s

belief that the investigator, like the clinician, always acts in the

best interest of the patient and that, therefore, the research has

therapeutic intent. Finally, investigators and their study staff,

often responsible for explaining the purpose, risks, burdens, and

potential benefits of a proposed study to the patient, may be (and

often are) biased themselves (Gluud, 2006; Benjamin et al., 2022).

There are at least two kinds of uncertainty built into the

scientific process. The first uncertainty relates to the intervention(s)

being studied and the prior knowledge about that intervention.

A first-in-human study (European Medicines Agency, 2017; Shen

et al., 2019), during which a novel investigational product is

introduced for human testing for the first time is more uncertain

(e.g., “risky”) than a comparative effectiveness trial comparing two

approved drugs that are both routinely used in medical care. A

first-in-human and first-in class trial (Suntharalingam et al., 2006;

Attarwala, 2010)—in which the investigational product represents

a new class of compounds—is more uncertain than a first-in-

human trial of a second-generation product. These uncertainties
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FIGURE 2

Three di�erent presentations of risk. The first and second images are based on original research and designs from Visualizing Health, a collaborative

project between the University of Michigan and the Robert Wood Johnson Foundation made publicly available via Creative Commons license. Use of

this image is not an endorsement from Visualizing Health. For more information, visit www.vizhealth.org.

are embedded in the study itself: both known unknowns (e.g.,

safety, effective dose) and unknown unknowns (e.g., unpredictable

and unexpected serious adverse events) exist.

The second uncertainty relates to being assigned to one

intervention or another, as the risks inherent with each intervention

may differ (Nusbaum et al., 2017; Coyle and Gillies, 2020).

One intervention may be high risk (e.g., significant toxicity and

risk of death) but high reward (e.g., high likelihood of cure

if the participant survives) while the other arm may be low

risk (e.g., little toxicity) but low reward (e.g., low likelihood of

cure). A young adult may decide differently from an elderly

person with comorbid conditions; there is no “right” answer. The

prospective participant should also understand the probability and

consequence of experiencing a rare but serious side effect (e.g.,

Guillain-Barré Syndrome) compared to a frequent but less serious

side effect (e.g., a headache), both of which, for instance, may

impact the decision to volunteer for a vaccine trial.

Using visual tools to demonstrate probabilities and uncertainty

are helpful and might facilitate participant understanding but

cannot, in two or even three dimensions, adequately represent the

complexity of all the factors that impact any given decision. It is

therefore important to consider the consequences of what someone

might come to think of as being a “bad” decision. What is the risk

of being wrong? Does the possibility of a significant and serious

adverse event (e.g., chronic debility, death) outweigh the possible

benefit (e.g., cure)? Value judgements about decisions (e.g., whether

to enroll in a clinical trial or not) should be assessed at the time

that the decision is being made; it is important to remind the

participant that understanding the statistics or likelihood is helpful

to make the decision, but any outcome, for them, will be unique

(and 100%). And regardless of the outcome, they should be advised

not to “look back” to reevaluate the decision itself. Advice should

include the recommendation to take the time needed, acquire

whatever available information exists, andmake the best decision in

that moment. Communications should acknowledge that risks and

potential benefits, and the uncertainty of either, should reasonably

be compared to the outcome of not participating in clinical research

at all. Consideration should be given to whether the risk of a serious

adverse event is “worth” the potential benefit, given the likelihood

of each. Decisions will differ based on underlying conditions (e.g.,

mild vs. severe disease, stable vs. progressive disease, age and

general health of the individual, etc.) as well as what alternatives

are already on the market and have proven safety and efficacy

for the condition. While more commonly referenced within the

clinical care setting, models of shared decision-making can be

helpful in guiding clinical research conversations that include the

understanding and interpretation of complex numeric information

(Agency for Healthcare Research Quality, 2014).

Randomization and clinical equipoise

Foundational ethical principles of prospective clinical trials that

compare two or more interventions demand that, at the start of

the trial, after risks have been minimized, the study arms have at

least an equivalent likelihood of a beneficial outcome (Emanuel

et al., 2000). Study populations are defined by eligibility criteria,

and the participants are recruited, enrolled, and assigned by chance,

or randomized, to either one intervention or another, to either the

experimental arm or the comparator. Importantly, randomization

controls for differences between individuals, whether those

differences are known or unknown; randomization can mitigate or

minimize bias (Suresh, 2011; Berger et al., 2021).

Detailed explanations of the concepts of randomness (chance)

and randomization can be helpful. Beyond the simple description

of randomization as study arm assignment by chance, often

utilizing a computer-generated program, explaining the rationale

behind randomization—to control both intrinsic bias and

for unknown unknowns—is important. It may be helpful to

illustrate random assignment with the assistance of an image

(Figure 3). The explanation will necessarily incorporate some

components of the scientific method and research integrity,

thereby reinforcing the necessity of maintaining the “blind”

assignment, of completing research procedures as planned, and of

reporting outcomes honestly.
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The validity of the scientific results depends upon enrolled

participants following through on the study plan (Eliasson

et al., 2020) and therefore requires that participants understand

expectations. In this regard, attention to health numeracy via

verbal explanations and graphical representations can support a

participant’s ability to follow-through with study expectations, to

which we now turn.

Understanding dates, times and schedules

In many cases, clinical research participation requires

participants to plan for and accommodate the study activities

within the necessities of their other daily responsibilities.

Interpreting a schedule of required research procedures (e.g.,

medication administration, laboratory and radiographic tests,

clinic or home visits, timely completion of outcome measurements,

etc.), often included in participant instructions, requires health

FIGURE 3

Graphics help to complement verbal or written explanations. The

graphic presented here illustrates the concept of randomization.

numeracy skills. The formal tabular study schemas that are

used in research are often unfamiliar to participants, dense with

information, and complicated to interpret (Figure 4A). Schedules

often start with “Day 0” or even “Day −28;” and language is often

intended for study teams and not for the participant.

Tools to support participant follow-through, especially as

they pertain to study schedules and calendars, the frequency

and duration of study visits, specific procedures and timing, and

other expectations (e.g., patient-reported outcome diaries) can be

helpful. Considering different visual (and verbal) approaches can

be beneficial for participants and their ability to complete the study

(Figure 4B). For example, calendars can be based on actual calendar

month, day, and year, and annotated with visible marks or icons

that give the study context and allow the participant to visualize

participation in the context of their other life responsibilities

(Payne, 1993; Tungare et al., 2008; Weber and Pollack, 2008).

Medication schedules should be clear, visual, based on time of day

with other needed instructions available (Figure 5) and buttressed

by reminders (e.g., phone calls/voice messages, texts, and emails),

as appropriate (Fenerty et al., 2012; Costa et al., 2015).

Following numbers-based instructions

Throughout the clinical trial journey, a participant is frequently

expected to follow numbers-based instructions, including the

frequency of specific procedures, dosage calculations, or steps

for preparing and taking a study medication. Dense, written

information (Figure 6A) should be replaced with instructions that

are plain language, adequately spaced, with visual representations

of the activity (Figure 6B). Visuals can show action tasks and

augment informational text (Wolf et al., 2011; Mullen et al.,

2018; U.S. Food Drug Administration, 2022). For example,

a well-planned graphic allows a participant to more fully

understand how to safely store, handle, use, and dispose of an

investigational product.

FIGURE 4

Two presentations of scheduled clinical trial events. (A) A dense and complex schedule of events in a clinical research study. (B) A user-friendly

calendar to show how study activities fit into the participant’s day-to-day life.
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FIGURE 5

A user-friendly medication schedule using time of day and

medication visuals. The schedule is explained in words and

illustrated by time of day visualized by sunrise to sunset, clocks

depicting the intended time, and images of the medications to be

taken.

Interpreting scales and graphs

Identifying the right graphical tool for presenting specific

information so that it is balanced, non-promotional, and

interpretable can be challenging. If charts or graphs are shown, they

should be fit-for-purpose and based on best practices (Ancker and

Kaufman, 2007; Tomboc, 2021; Tableau, 2022) whenever possible.

The choice of the graph or visualization depends upon the

relationship of the variables being presented, as well as the ease

of interpretation. A bar chart is often useful for different groups

or categories measured on the same scale or endpoint, where

the comparison between the different groups is important. Line

graphs show changes or trends, often over linear time. Ratios

are shown by icon arrays and pie charts (Figures 1A, B; Table 2);

many other simple (e.g., scatter plot) and complex (e.g., interactive,

geophysical, and geospatial maps; heat maps) visualizations exist.

What is important is that the data are represented faithfully, that

the axes start at zero unless well-explained and highlighted on the

graph, that the relationships between the measured variables are

based in science (e.g., categorical subgroups can be arrayed in a

bar chart but not a line graph), and the graphic representation

is balanced.

Presenting balance between positive and negative data is

especially important in clinical research when a primary objective

of showing that information is to help the participant make

voluntary decisions consistent with their values and current state,

especially since individuals with low health literacy are more

likely to overestimate risk (Zikmund-Fisher et al., 2014). It can be

difficult to recognize “nudging”, or presenting data to emphasize

one outcome over another (Figures 1A, B), which is a concept

borrowed from behavioral economics (Sunstein and Thaler, 2008).

On one side, nudging in medicine can be used to promote

better prescribing behavior (Lamprell et al., 2021), in decision-

support in learning health systems (Chen et al., 2022), and in

clinical research, to increase enrollment (VanEpps et al., 2016).

But when helping participants understand clinical research where

uncertainty is embedded in the science, data, and decision-making,

the responsibility of the communicator is to be balanced, fair, and

non-promotional. Whether nudging should be used to increase

enrollment (VanEpps et al., 2016) requires further study to ensure

participants’ fair understanding of the decisions before them. A

study finding that 20% of participants had their tumor shrink

must be presented with the accompanying finding that 80% of

participants had their tumor stay the same or increase in size

(Figure 1B). And communicators must consider that presenting the

favorable result before the negative result might prime a listener

to overemphasize the benefit, further highlighting the need for a

measured communications approach to help address therapeutic

misconception. The goal of visual presentation of the data is to

avoid misinterpretation and misunderstanding.

Many patient-reported outcomes, surveys, and quality

of life instruments rely on participants communicating their

symptomatology, experience, level of agreement, or opinion

through numerical scales. When conceptualizing any scale,

consideration should be given to the order of presentation and

accompanying explanation: on a scale of one to ten, is one best or

worst? Each choice, whether a number or fillable circle, should be

accompanied by an explanation in words (Figure 7). If appropriate,

color variation can be used not only to indicate a continuum

but also to align with the measure; the extremes of a scale can

be anchored by images (Figure 7). Each of these methods (e.g.,

numerical scale, written explanation, image representation, color

enhancements) should be user-tested and validated.

Making sense of statistics, fractions,
percentages, decimals, and ratios

Most numeric presentations involve the communication

of fractions, percentages, decimals, ratios, and some

statistics, often in conjunction with other complex

written or graphical information. Different people process

information differently; using verbal explanations, written

descriptions, and graphic visualization can therefore

optimize participant understanding by offering a variety

of displays.

There are some general principles that should be understood

as presented in Table 2 that outlines recommendations for

communicating numeric information and examples of how

numbers, graphical displays, and verbal explanations can be

improved. Most importantly, the focus should be on presenting

the information that a “reasonable person” would wish to know to

make a well-reasoned decision. The inclusion of key information

is a requirement in informed consent documents for research

supported or conducted by the U.S. federal government (U.

S. Department of Health Human Services, 2018), but there is

little available guidance to unpack what a “reasonable person”

would wish to know. Notably, few informed consent documents

contain any graphics or visualizations; providing consent through

electronic media will allow for graphics, audio, video and
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FIGURE 6

Health literate and visual representation of medication administration instructions. (A) Di�cult to follow instructions on how to prepare and

administer the study medication. (B) A participant-centric health numeracy approach to presenting instructions on how to take the study medication.

This image is used with permission from Merck and Health Literacy Media.

FIGURE 7

A visual patient reported outcome measure. Note that the outcome measure is represented by words, color, and images that complement one

another.

interactive formats in addition to text (U.S. Food and Drug

Administration, 2015). While video-enhanced electronic informed

consents are time-intensive, expensive to prepare, and difficult to

modify after development, they hold promise for prospective and

enrolled participants, will increase accessibility for people with

disabilities and with limited language proficiency, and are likely to

enhance understanding and engagement.

Discussion

We have illuminated multiple opportunities across the clinical

research life cycle to communicate numeric clinical research

information and factors to consider when communicating

quantitative information and engaging in related conversations. To

further support the integration of health numeracy strategies in

clinical research, it can be helpful to adopt a strategy for developing

numeric information and testing how well it is understood. Below

we outline recommendations to consider (see also Table 3).

• Communicators should first identify the content and the

information that should optimally be presented and explained.

Recognizing that health numeracy and plain language are

complementary, communicating quantitative informationwill

likely benefit from graphics, and graphics or visuals benefit

from written and verbal explanations. It is generally helpful
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to use plain language to explain numeric terms and concepts

in order to maximize patient, participant, and caregiver

understanding. Starting with a summary of key concepts,

simplified written explanations, and uncomplicated visuals

that inform the content will maximize its impact. For

example, a recruitment flyer might show the frequency of

study visits and whether reimbursement or compensation

will be available to support participation if the person is

eligible, while an informed consent form emphasize the

likelihood and severity of risks and the potential benefits of

the research as well as available alternatives, in addition to

study procedures.

• Communicators should determine the intent of the content.

Clarifying the purpose of the information, and what is

expected of the recipient of the information, will guide the

choice of visualizations. Is the recipient asked to compare

two options simply for their understanding or because they

need to choose between them? Is the recipient expected to do

something after reviewing the content, such as aliquot a vial

of medicine into different doses? If a participant is instructed

to fast after midnight, adding an icon on the study calendar

that indicates “no food” will highlight that breakfast should be

skipped until after the study visit.

• Knowledge of the community, populations, and the

audience is foundational to successful communication,

Greater patient and community engagement will influence not

only how information is imparted, but also what information

is important to the audience; communicators can solicit

potential participants, communitymembers, and other subject

matter experts for that information. These representatives

can also guide whether selected visualizations buttress

understanding. Unexpected observations or suggestions may

be proffered: image placement and styling guides, for instance,

differ for communities whose language is read right to left

(Shadeed, 2022).

• Communicators should understand the context and

circumstances under which patients and participants will

be receiving the numeric information. Proficiency and

understanding of health numeracy are sensitive to the context

in which the numeracy skills must be applied. Cognitive

burden (e.g., stress) at the time of information receipt will

impact receptivity and comprehension; supportive visual

information should be prepared accordingly.

• Having considered the content, audience, intent, and

context, communicators can then identify different model

presentation options that could be used to convey the

intended messages. For example, if the principal focus is risk

information, then an icon array might be most appropriate.

What are the categories and what colors would be best?

What denominator should be used? Draft graphics should be

compared to select the one that, when tested with the intended

audience (see below), best conveys the intended message.

• Visuals should be reviewed for implicit biases. If 65% of

participants in a low back pain study experienced a decrease

in pain, is it clear that 35% did not? Were characteristics

of participants who did not respond identified? Considering

how numeric information may be misunderstood or be

TABLE 3 Considerations when developing meaningful numeric

information.

Theme Questions to consider

• Identify the content What numeric information do you need to

present and explain?

• Determine the intent • How should the audience use the numeric

information?

• Is it informational only?

• Is it for decision making?

• Know the audience How will people who are representative of

the intended populations and communities

understand and use this numeric

information?

• Understand the context • In what setting will the information be

shared?

• Will the person be stressed, receptive,

supported, alone?

• Develop

presentation options

How can the numeric information be

presented to best ensure interpretation and

the intended, fair understanding?

• Review for biases Can the numeric information be

misunderstood or inappropriately influence

the audience?

• Consider accessibility How can the numeric information be made

more widely understood and/or useful?

• Conduct usability testing Is the numeric information understood as

intended by users?

unintentionally (and potentially inappropriately) influential to

the audience is an important responsibility.

• The information should be presented in an accessible format

for the population, including people with disabilities or people

whose preferred language is other than English. Whether the

information will be presented on paper, through an electronic

format or on a website will impact how all individuals will

interact with the content. Consideration of factors such as size,

font choice, color, contrast, alternative (alt) text to describe

web images, screen readers, and auditory pronunciation

guides may help augment the user experience.

• Finally, communicators should routinely conduct usability

testing of the proposed final product with individuals who

are representative of the intended audience (Krug, 2010). User

feedback will demonstrate whether the numeric information

is likely to be understood as intended. Usability testing is

the preferred method to determine whether the numeric

representation is achieving its purpose.

Further, beyond conducting usability testing of specific

materials and communications, the inclusion of the patient and

participant perspective from early in the clinical development

process is one way to increase the likelihood that content,

including numeric information, is presented in ways that

support and maximize understanding. Industry and academic

researchers benefit from the involvement by patients and patient

advocates early and throughout the clinical research life cycle

(Patient FocusedMedicines Development, 2018). Such engagement

allows for areas of improvement to be identified (Health

Frontiers inCommunication 12 frontiersin.org

https://doi.org/10.3389/fcomm.2023.1096271
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org


Bierer and Baedorf Kassis 10.3389/fcomm.2023.1096271

Resources Services Administration, 2015), especially related to

social determinants of health, culture, native language, and other

factors such as migrant status that might affect the understanding

of numeric information and thus inform the development

of more suitable materials. It is through the integration of

diverse patient and participant perspectives that understandable,

empowering clinical research materials can be disseminated. This

is especially important when conducting research with patients and

participants who identify as members of historically marginalized

and minoritized communities.

Conclusion

Health numeracy impacts individual patient- and participant-

related understanding, decision-making, and participation

throughout the clinical research life cycle. A person’s decision to

enroll and remain in clinical research should be a deliberate and

reasoned decision based, in part, on the measured presentation and

interpretation of clear, relevant information. We must endeavor to

design and develop content, including numeric information, to be

understandable and actionable to the audiences we engage.
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