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ABSTRACT

Numbers are a crucial piece of visual
communication of health-related information.
There are currently multiple resources for
communicating health-related information in plain
language, but an equivalent resource for numeric
information is lacking. We are creating a web-
based resource for providing guidance on how to
visually communicate numbers related to health.
Our resource was developed through a large
systematic literature review under the advisement
of a national expert panel on health numeracy.
User testing is currently under way. This resource
may be utilized by various end users including:
health writers, health application developers,
public health professionals, and journalists.
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1 INTRODUCTION

Patients and the public today have unprecedented
access to their personal health information as well
as general information about health and wellness.
The “HealthEData” initiative enacted in March
2020, part of the 21st Cures Act, gives all patients
secure access to and control over their electronic
health data. The incidence of the COVID-19
Eandemic has also made accurate, timely public
ealth information even more essential.

To interpret and act upon numbers, people need
numeracy skills. Numeracy, defined as “the ability
to use, apply, interpret, and communicate
mathematical information and ideas”, has been
found to predict health outcomes above and
beyond other constructs such as literacy[1]. Over
one quarter of the United States population has
limited quantitative skills 52]. Low numeracy is
even more prevalent than low literacy and is
common even among the highly educated, though,
those with low numeracy more often fall into
disadvantaged groups [2, 3]. Low graph literacy, a
related, yet distinct concept from numeracy, may
be even more common than low numeracy, and
further impacts a persons’ ability to adequately
interpret health information [4]. Those with lower
health numeracy and graph literacy experience
challenges identifying “out-of-range” values, are
more likely to make medication administration
errors, and make poorer health-related decisions,

presumably due to their reduced understanding of
numerically conveyed risks [3, 5, 6].

On a more optimistic note, several studies have
demonstrated that differences in the format and
visual communication of numbers impact
interpretation [7]. This means that improving the
communication of numbers can enhance
understanding and decision-making. For example,
the use of pictographs instead of numeric text (e.g.
percentages an§ frequencies) has been shown to
improve the understanding of risk, particularly for
those with lower numeracy [8].

Diverse designers with varied educational
backgrounds develop patient health information.
Some examples include: medical writers,
application developers, and a broad spectrum of
healthcare professionals. These designers are not
typically taught concepts related to numeracy.
Multiple tools currently exist to help information
designers create materials for audiences with
various levels of literacy, such as the CDS’s Clear
Communication Index and AHRQ’s Health Literacy
Toolkit [9, 10]. However, no equivalent guidance
exists related to communicating numbers. The
goal of the “Making Numbers M%aaningful" project
is to synthesize existing information about the best
formats for communicating health-related
numbers and create a web-based decision support
system to help information designers determine
how to communicate numbers in the materials
they produce.

2 THEORY - THE “MAKING NUMBERS MEANINGFUL
PROJECT”

The Making Numbers Meaningful project includes
three phases of work:

1. To integrate and organize evidence about the
interpretation of numbers in health through a
large, systematic literature review (ongoing).

2.To construct a Communicating Numbers Clearly
system for knowledge sharing and use, which
involves developing an ontology that will serve as
the foundation for a public-facing website

(ongoing).



3. To assess how if the Communicating Numbers
Clearly helps information designers create
materials that are more easily interpretable by
patients and the public (future).

Our project also involves a national expert panel
on health numeracy that advises in the creation of
guidelines (Aim 1) and building these guidelines
into a public facing website (Aim 2).

2.1 Aim 1 - Literature Review and Guidance
Summarization (on-going)

To date, we have included and reviewed 356
papers that assess how different visual
communication formats affect how people
interpret health-related numerical information.
We are currently in the process of transforming
this large body of evidence into guidelines for
communicating health-related numbers. Four of
our team members, all experts in numeracy and
visual communication, are creating guidance using
a modified Gradinig of Recommendations,
Assessment, Development and Evaluations
(GRADE) approach. GRADE is a consensus rating
system for systematically rating the strength of
evidence for clinical guidelines that we have
adapted for guidelines related to communicating
health-related information [11].

2.2 Aim 2 - Ontology Development and
Website Creation (on-going)

In order to organize the literature and our
guidance, we also created an ontology, a
standardized, computable representation of
concepts. Figure 1 represents five of the high-level
basic concepts in our ontology. Our guidance
recognizes that the optimal visualization format

for given application depends on the quantitative
concept conveyed (data class, type, and format
grou SJas well as the communication goal, in other
words, what you want your audience to do with
the information PZ]. We also describe how our
guidance may differ based on relevant audience
characteristics.

We are currently developing a prototype of the
Communicating Numbers Clearly public-facing
website that will provide recommendations for the
best visual communication formats for health-
related numbers. The guidance displayed in the
website will be drivengb our developed ontology.
Development of this website presents a nested
visual communication question - how do we best
convey our guidance to information designers
((ipart 1) so that information designers may

etermine the way to best convey numbers to their
intended audience (part 2)?

To answer the first part of this question, we are
conducting a usability study described at the end
of this section. To answer the second part, we will
evaluate how the Communicating Numbers Clearly
system impacts the how information designers
create materials containing health-relate

numbers (see Aim 3).

To date, we have designed a prototype of the
public-facing website that first asks the user three
to four questions regarding the quantitative
concept for their apl)lication and the
communication goal for their target audience. We
then present the user with a page containing series
of guidance statements relevant to their chosen
quantitative concepts and communication goal.
Figure 2 presents an annotated example of a single
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Figure 1. Depiction of high-level categories used to organize literature from a systematic review and related
guidance developed by our team, together with selected concepts within each category.



piece of guidance included in the larger guidance
page.

The example in Figure 2 presents guidance for a
probability involving a single value where the
information designer may want to persuade the
audience to be more or less worried about the
information communicated. We split the guidance
based on the visual formats compared. The
guidance page for the given quantitative
concept/communication goal comparison contains
multiple pieces of guidance related to comparisons
such as different kinds of numbers (shown below),
numbers vs. verbal probability, or numbers vs.
g}ll'aphics. We include illustrative examples to make
the summarized guidance more quickly and easily
interpretable by the user (information designer).
Information related to considerations for
communication based on audience characteristics,
such as numeracy, is also included in the guidance
summary where applicable, although no
differences based on audience characteristics were
found in the example shown below. The user may
also see the strength of the evidence for this piece
of guidance and click to link to a summary of the
studies from the literature review that were used
to create this piece of guidance.

We are currently conducting a usability study with
representative information designers to
understand if they find the current website
prototype useful to their work and intuitive/easy
to use. We have identified a diverse group of target
end users, including: health writers, health
application developers, public health
ﬁrofessionals, and journalists who write about
ealth-related topics. Our usability study examines
the participants’ current workflow for developing
visual communications of numbers, assesses how
our current prototype does/does not support that
workflow, and evaluates how our categorization of
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guidance (lsee Figure 1) matches with their
conceptualization of numerical communication.
We will utilize the results of the usability study to
re-design our website to better support the needs
of information designers.

2.3 Aim 3 — Evaluation of Website’s Impact
on Improving Numeric Information
Presentation (future)

Following the usability study, we will recruit a new
group of information designers to assess the
effectiveness of the guidance delivered via the
updated website. Information designers will be
asked to use raw data sets we provide them to
develop informational materials for different
target audiences. Half will be introduced to the
Communicating Numbers Clearly site and have it
available to create their materials, the other half
will not be given access to the site. Participants
will include similar roles to those involved in the
usability study (Aim 2).

Two groups of experts, including members of the
projects’ expert panel as well as patient experts
(drawn from patient and family advisory councils)
will complete blind evaluations of the materials
developed by the information designer
participants. We will then compare the ratings of
the expert evaluators for materials created by
those using and not using the Communicating
Numbers Clearly resource. Our working
hypothesis is that those using the Communicating
Numbers Clearly resource will design materials
that will be more highly rated by the expert
evaluators. This evaluation process will also elicit
feedback on the updated version of the website
resource and allow us to make further
improvements. The finalized website will then be
hosted and available for public use.
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Figure 2. Annotated depiction of a single piece of guidance in the website prototype we have developed to instruct information
designers in the best format for conveying health-related numbers.



3 CONCLUSION

Understanding numbers is critical piece of health
and wellness. To help information designers, we
are creating a consolidated resource that provides
tailored guidance for communicating numbers
clearly to patients and the public. The guidance
system has been designed specifically %or health-
related numbers but may also have applications in
other domains where understanding numbers is
important to decision-making, such as finance or
real estate.
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