JODIE MCVERNON

NICHOLAS GEARD

JAMES MCCAW

MATT DUCKHAM

SUSANNE BLEISCH

FERNANDO J MARTIN-SANCHEZ
GUILLERMO LOPEZ-CAMPOS

IMPROVING THE
COMMUNICATION OF
SCIENTIFIC RESULTS
TO POLICY MAKERS

28 JULY 2014

MELBOURNE SCHOOL OF GOVERNMENT
INCUBATOR RESEARCH PROJECT GRANT SCHEME FINAL REPORT

DOI1:10.5281/ZENODO.15331321



1
Introduction

Mathematical models are increasingly used to help policy makers
decide among alternative strategies. For example, in the domain of
population health, mathematical models are used to understand the
potential impacts of emerging infectious diseases, and the potential
responses of those diseases to a range of policy interventions.

However, the mathematical models are complex. Uncertainty is
endemic in any such predictive model. Further, even sophisticated
models necessarily incorporate a number of simplifying assump-
tions and include input parameters which have implications for the
correct interpretation of model outputs. The outputs from these
models are also frequently multidimensional, with complex data
covering a range of aspects of the phenomenon.

Thus, accurate and comprehensible communication of model
outputs is challenging, but essential for enabling policy makers to
make informed and effective decisions.

This incubator project sought to understand better the role of
scientific model outputs in the policy process, in particular in the
context of the health domain. By looking in parallel at the process
of policy formulation and the form of the scientific reports used
in that process, the project was successful in identifying important
recommendations that can improve the communication of scientific
results to policy makers. The project also highlights the potential
for substantial further gains to be made from future projects in this
area.

1.1 Research projects and reports used

The methods and guidelines developed in this project applied to
two different scientific projects, which aim to advise the Australian
Government Department of Health, Office of Health Protection, on
two different issues. The projects/reports are:

Report 1: “Development of options on how to define the concept
of pandemic impact for Australian purposes” which reported
on simulation modeling and was written by J. McVernon and J.
McCaw, 26th June 2012 [1]

This report was already finalized and submitted by the time the
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Figure 1.1: Pandemic impact report
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project started. It was used as an example report and analyzed
for the type of communication used, especially in regard to data
graphics. :

Report 2: “Final Report on Estimated PPE Usage and Stockpiling
Requirements” which reported outcomes of mathematical mod-
els and was written by L. Martich, K. Glass, G. Mercer, J. Ross, ]. B B e
McCaw and J. McVernon, 23rd December 2013 [2] o
This report was finalized and submitted during the project. The

authors made use of the knowledge from the consultation work-
shop in Canberra to improve the structure of the report, espe-
cially the writing. The finalized report was then used to apply
the recommendations in this report and to create improved data
graphics able to illustrate the management summary of the re-

Figure 1.2: PPE report

port.
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2
Methods

The study followed a process that is outlined through following 7
steps:

1. Evaluation of existing communication through analysis of sub-
mitted (pandemic impact) report.

2. Requirements analysis to analyze the commonalities and differ-
ences in the communication requirements of the two parties: a)
the scientists concerning what they need to communicate; and
b) in consultation with the policy advisers concerning what their
information needs are.

3. Development of recommendations for improved data graphics,
plus advice on how to apply the recommendations in the data
graphic design process.

4. Redevelopment of visual elements in the PPE report based on
recommendations for the pandemic impact report.

5. Consultation with policy advisers regarding improved (visual)
communication of scientific results.

6. Application of the recommendations and the data graphic de-
sign process to create scientific data graphics for a new report.

7. Summary of all feedback and improvement of the recommenda-
tions and the advice on the data graphic design process.

2.1 Report analysis (pandemic impact)

An existing report [1], which was used to communicate scientific
results of pandemic impact simulations to the Office of Health
Protection (Australian Government Department of Health and Age-
ing), was analyzed. The main focus of this analysis was on the
data graphics used, and their appropriateness given the informa-
tion communicated and the audience. However, the report was
also used to learn generally about the style used to communicate
research results in this specific area.

The graphical and non-graphical representations of data used
to communicate scientific findings in the report included tables,
boxplots, tornado plots, and heatmaps. Examples of these include:
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Boxplots

Boxplots are a common graphical representation of results origi-
nating from repeated measurements or in this case from a series

of simulations. Boxplots show the full range of the data and indi-
cate key values such as the median. In the report, a trend line was
added to the boxplots (Figure 2.1). Problems encountered include
the use of hard-to-interpret abbreviations as axes labels. Addition-
ally, the amount of information contained in the graphic may be
overwhelming for audiences not already familiar with the topic and
this specialized representation type.

Tornado plots

Tornado plots are a variation of bar charts that show positive and
negative influences of parameters in the simulations in this example
(Figure 2.2). Bar charts are common, easy to read, and allow easy
comparison between values. The problems of tornado plots and bar
charts include the use of abbreviations and symbols for the axes
labels.

Heatmaps

The heatmap shows pandemic attack rates dependent on two pa-
rameters (the two axes, Figure 2.3). Additionally, these representa-
tions are used to show percentage of change. The health advisers
reported that they found these representations difficult to read as it
was unfamiliar to them. Generally, the use of colors to show magni-
tude is problematic as we do not perceive distances between colors
constantly, and the colors are not perceptually ordered to give a
clear value message (“more” of something) [3].

Overview representations

In the executive summary, a schematic chart was used where the
graphic positions of different pandemic scenarios were plotted on
two axes: severity and transmissibility (Figure 2.4). Severity and
transmissibility are two key influencing factors for pandemic im-
pact. This graphic was much liked by the policy advisers and made
it through to further summaries of the work. The graphic is sim-
ple and clear and importantly allows the scenarios to be related
to experience, through the blue bubbles which indicated the ap-
proximate position of previous pandemics. The use of colors and
shading could be improved to make the representation even more
readable.

Tabular representations

Positive comments made about the use of tables (Figure 2.5) to
represent results coincide with the expressed desire of health pro-
fessionals for communication in exact numbers. Uncertainty is
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Figure 2.3: Heatmap

" O s '

Low

4
5
3
Severity
1 2
Low

Sporadic cases o
Transmissibility

Figure 2.4: High-level graphic

High

Scenario Average |Average

(see figure|Severity |Transmissibility |Attack Clinical

I) rate attack rate
1|Low Low 25-40% 0-5%
2|Low High >50% 0-5%
3|Moderate |Low 25-40% 0-10%
4|Moderate |Moderate 40-50% 5-12%
5|Maoderate |High >50% 8-12%
6|High Low 25-40% 10-17%
7|High High >50% 15-25%

Figure 2.5: Tables example



included through the use of ranges. The table presents the values in
a structured way in relation to the seven scenarios defined through
severity and transmissibility as detailed in the representation above.

2.2 Requirement analysis

A requirements analysis meeting was undertaken with the scientists
working on the existing report [1], but also the new reports [2]. A
second requirements analysis meeting with the health advisers of
the Office of Health Protection, Australian Government Depart-
ment of Health, was used to learn about their needs in receiving
communication of research results from scientists.

Each meeting lasted for about 60 minutes, with detailed notes
made during the meeting. Participants were encouraged to talk
freely about their information needs, the current processes of policy
making, and the communication of scientific results in this topic
area. The notes were subsequently analyzed to find key areas of
overlap in goals, or important mismatches in communication, with
a specific focus on the creation and/or improvement of data graph-
ics.
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3
Results

The issues identified through the requirements analysis showed a
large overlap between the information the scientists want to com-
municate and the information the policy advisers want to receive.
However, the discussions also showed that there is still room for
improvement in the communication of scientific results to policy
makers.

Additionally, some issues identified by both sides do not have
similar levels of importance, or reasons for importance, when
viewed from the scientist’s or policy-maker’s perspectives. From
the discussions, six key requirements and constraints for visual
communication were identified, described in sections 3.1-3.6 below.
The first four issues are relatively general communication issues
with some relevance for the development of visual communication.
The additional two issues are more visualization-specific. The num-
bers (®, @, ®, ®, and ®) used in the “recommendations” section
of each description link to respective parts of section 4, where the
different levels of recommendations for improved visual communi-
cation are laid out in more detail.

3.1 Layering of information

Origin: The original reports contain some layering of information,
primarily in the summary, the main body of the report, and po-
tentially any appendices. However, the importance of layering
of information was emphasized in particular from the policy ad-
viser side, where this aspect is crucial for further communication
of the scientific results to decision makers.

Details: Information from the models needs to be represented and
summarized at different levels of detail, including: key messages,
executive summary, scientific report, and technical details. Lay-
ering is important as the information is used in different ways
by different audiences. The audiences have different amounts of
time available to assimilate the information.

Recommendations:

- Follow the general advice for representations as defined in @

10.5281/zenodo.15331321

McVernon et al., 2014



McVernon et al., 2014

throughout all layers.

- Use the same visual elements @ in each layer of information,
but vary the complexity and/or granularity of the information
content.

- Additionally, the different layers could be linked to allow
following up on details when viewing more summarized
levels. ®

3.2 Providing decision support

Origin: The scientific reports are generated to provide decision
support. As the scientists themselves are aware “This work can’t
be done without an opinion.” However, decision support must
be based on scientific results and the layered structure of the
report (described above) should help the user to access the tech-
nical details. The need for decision support was mentioned by
both the scientists and the policy advisers.

Details: One aim of communicating the scientific results is to pro-
vide decision support. Communication needs to be based on
evidence; potentially show critical decision points; and detail
outcomes and likelihoods of success including consequences.
Additionally, reports must include influencing contextual fac-
tors, the implications of uncertainty of the information, as well as
different views or even opinions.

Recommendations:

— Decision support can be achieved through “telling the story,”
potentially through adding narratives or text to data graphics
®.

— Decisions are also supported by better linking between the
different levels of layered information, to allow policy makers
to follow up on details ®.

— Critical decision points or outcomes are more difficult to inte-
grate in (simple) representations ®.

- Influencing factors could be added through story-telling ® or
different visual elements @.

3.3 Hierarchy of importance

Origin: The hierarchy of importance was not an explicitly stated
requirement. However, through discussion in both groups it
became clear how important it is to frame and structure the
information and to provide some reference and options to relate
the presented information to experience and context.

Details: Not all aspects of the scientific results may be similarly
important in communicating the results in a specific scenario.
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The most important aspects could be used to frame or structure
the presentation of the results or information. In some cases
some variables explain much more variation than other variables.
For example, in the pandemic impact study the aspects severity
and transmissibility are more important than others.

Recommendations:

- Use the most important aspects to structure the information
and potentially to provide a reference frame or context for the
information @. For example, use scenarios or levels of infor-
mation (such as transmissibility and severity) as structuring
axes.

- The information may then be related to experience (e.g., pre-
vious pandemic influenza scenarios), could define the granu-
larity of information (e.g., through levels or extremes, such as
best/worst), and could show different input options and/or
different outcomes.

3.4 Influencing factors

Origin: The importance of influencing factors was not explicitly
stated in a compact way, but aspects of this issue came up several
times through both sides’ discussions.

Details: Factors like familiarity, simplicity, memorability, trust,
preferences, and culture were frequently mentioned as being
important. Using simple and familiar ways to represent infor-
mation reduces the time required to assimilate it. Additionally,
using familiar representations can add trust and thus better ac-
ceptance to the communication process. Previous studies have
shown that preference (or dislike) of a representation type can
influence performance.

Recommendations:

— Use a selection of visual elements from a defined range @ to
communicate the information. This allows familiarity but also
the accommodation of different preferences.

— The visual elements should be simple, crisp, understandable,

memorable, and not obscure the message through decoration.
@

— Trust can potentially be enhanced through adding more de-
tails to the data graphic—telling a story ®—as well as linking
to further details ®. Additionally, providing a structure that
allows users to relate to experience could be helpful @.

3.5 Information types

Origin: The different information and data types mentioned in the
two discussion groups did mostly overlap.
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Details: The policy advisers stated a preference for quantitative
information, especially exact numbers. However, they also un-
derstand how important it is to know how certain or uncertain
those exact numbers are. Specifically, they are interested in the
influence the uncertainty can have on a decision, i.e., what is the
risk associated with a decision? For the scientists the communi-
cation of uncertainty associated with exact numbers is crucial as
the simulations and modeling process do not produce absolute
values as output. The types of information to be communicated
include: quantitative data, qualitative data, uncertainty informa-
tion, time and duration, as well as change.

Recommendations:

— Combine selected visual elements @ that are able to communi-
cate ranges and uncertainty with numbers ®.

- Levels of information @ could help in communicating num-
bers while still conveying associated uncertainty.

— Specifically designed infographics @ may be able to commu-
nicate decision points in time as well as risks associated with
certain decisions based on the uncertainty associated with the
data. ®

3.6 Technical requirements

Origin: The technical requirements were mainly elicited from the
discussion with the policy advisers. The preferences for printable
files may be slowly changing as more and more decision makers
use tables or smartphones to access information and reports.

Details: The resulting data graphics should be printable in some
way (e.g., screenshots of interactions) as many decision makers
still prefer hard copy print-outs. There is potential to include
data graphics in the documents (e.g., PDF) or have them as sepa-
rate files. However, separate files may not be looked at. Graphics
should be small in size as they are generally distributed via
email. Data graphics should be useful for presentations and so
projections. Interactive interfaces remain an option. However,
there may not be enough time to play with interactions. Further,
too many options may become confusing.

Recommendations:

- Follow the general advice for representations which includes
a section on technical requirements such as small file sizes or
suitable colors for different media or audiences ®.

3.7 Further discussed aspects

A further aspect that was discussed with some intensity, especially
in the consultation with the policy advisers, was the issue of timing.
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It is often crucial to provide the right information at the right time
and according to the given structure, such as duration or format.
This is not specifically a visualization problem, but structuring in-
formation at different levels and providing data graphics associated
with these different levels may be helpful.

Finally, it was mentioned that providing decision makers with
scientific results requires a close interaction between the scientists
and policy advisers. It is crucial, for example, to define the exact
questions to be answered through research, but also to understand
the general context for the request. Close collaboration and feed-
back seems essential.
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4
Recommendations

This section introduces three, increasingly complex levels of advice
(items @, @ and ® below) to improve visual communication of
information to decision makers. The first level ® comprises general
advice to improve any representation, but with a specific focus on
the requirements as defined earlier (see section 3). The second level
@ defines a number of potentially useful visual elements to be used
to show proportions or percentage values as well as discussing the
layout or alignment of information along sensible axes. The third
level ® is concerned with the creation of infographics and is likely
to be the most complex to implement.

Bringing together these three levels of advice, the fourth item @
tries to outline a process of how our three levels (items ®, @ and ®)
could be used to create improved graphics. This process is similar
to the process of report writing in general. Thus, report writing and
creating representations should be parallel processes.

Finally, the fifth item ® takes up the issue of layering infor-
mation in representations, which was not a detailed focus of this
project. There is need for further research on this issue.

4.1 General advice for representations ©

The analysis of the graphics of the existing report on Pandemic
Impact (section 1.1, Report 1), together with results of the require-
ments analysis (most especially results on technical details) initiated
the compilation of general advice for representations to be used in
conjunction with reports communicating the outcomes of scientific
results to policy advisers. The aim was to generate a checklist (see
Appendix 5.1) that would ensure that representations in reports
would adhere to some minimal requirements in three thematic
areas.

Our first area of advice is concerned with producing compre-
hensible overview representations. The representations (specifically
the ones that are used as summaries) should be self-contained and
standalone. It is possible that the representations may be removed
from the report, and be used in meetings without captions or ac-
companying text. This facility requires descriptive titles, clear and
legible labeling, and legends without abbreviations and symbols,
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or where there are explained in the legend. Despite the need to
be self-contained, the representations may best be included in the
report and also explained further in accompanying text. However,
these summary representations should not be dependent on addi-
tional text or explanation in the report to be understood.

Second, technical considerations need to be taken into account
in generating data graphics for scientific reports. The data graphics
are frequently used in presentations, printed out, or sent by email.
This requires file sizes to be small, and requires selective and con-
sidered use of colors. Small files can be achieved either through
vector formats or by using the Portable Vector Graphics (png) file
format as well as compression techniques. It is important to ensure
data graphics continue to convey the correct message in black and
white or grey scale. Sparing use of color will help to ensure a data
graphic reproduces well in grey scale reproduction. Aiming for a
maximum resolution of 1024 x 768 pixels also helps to ensure the
graphics are rendered correctly with a variety of office projectors
and keeps file size small.

Third, data graphics can be improved by following [4] advice
for graphical excellence, graphical integrity, data-ink maximization,
and the reduction of chart junk. It is important to make sure that
data graphics allow comparison of information, by aligning data
to the same scale, especially when placed side-by-side. Generally,
it improves graphics to avoid redundant encoding of information,
for example, by using color and height to show the same informa-
tion. However, some highlighting or annotations may be added to
emphasize key messages or the narrative flow of a story being told
with the representation.

4.2 Visual elements for the communication of key content @

A study by Cleveland & McGill [5] has shown which graphical ele-
ments work best for the accurate communication of numerical val-
ues. For example, length is more accurately perceived than angles,
which in turn outperform area perception. However, as indicated
in the requirements analysis (section 3.5) it is important to com-
municate not only the values but also the associated uncertainty
stemming from a range of factors.

The subsections that follow show and discuss examples of visual
elements that specifically can be used to show parts of a whole or
proportions, such as percentage values. Most of them also include
some form of visual representation of associated uncertainty. Not
all of them work similarly well and, as learned through consulta-
tion, also peoples’ different preferences or the intended audiences
should be taken into account when selecting visual elements.

Another important aspect is the layout of the chosen visual el-
ements. The requirement analysis showed a strong preferences
for structured layouts such as tables (see Figure 2.5) or alignment
of information with levels of factors or previous experiences (see
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the “bubble graphic” in Figure 2.4). Thus, it is recommended to
think carefully if one of these principles can be used to arrange
the chosen visual elements. Doing so has the effect of “framing”
the information with context (e.g., key influencing factors), facili-
tating comparison (e.g., comparing different values along the axes
levels) and highlighting the relationship to (potentially simplified)
concepts (e.g., levels of severity or weeks into the pandemic) and
previous experience (e.g., previous pandemic scenarios).

4.2.1  Randomized dots

Randomized dots communicate ordinal information rather than
precise numerical magnitudes. Further research is needed to define
how precisely humans can perceive the levels and what the range
of values is that is communicated by a specific randomized dot
representations.

4.2.2  Randomized dots with uncertainty

Adding uncertainty to the random dot plots does not seem to work
well. The resulting impact is rather chaotic and difficult to inter-
pret. Further research might be needed to improve this represen-
tation. However, a number of unfavorable comments in the discus-
sions indicate that this type of representation should rather not be
used.

4.2.3 Regular dots with uncertainty

An alternative option uses a regular array of the black dots, repre-
senting uncertainty using grey dots. This allows the perception of
quite precise numerical values. Additionally, it indicates the level of
uncertainty. For example, the middle presentation in Figure 4.3 has
the lowest associated uncertainty when compared with the other
two representations in this example.

4.2.4 Doughnut

Doughnut graphs can communicate proportions. Uncertainty is
indicated through the grey area. However, the grey tends to be
perceived as a different value, instead of uncertainty associated to
black area. Frames can help the interpretation of the values.

4.2.5 Doughnuts with blurring

Adding uncertainty as through blurring can help address the issue
above: incorrectly perceiving the “grey” area as a different, inde-
pendent value.
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Figure 4.1: Randomized dots

Figure 4.2: Randomized dots with
uncertainty

Figure 4.3: Regular dots with uncer-
tainty
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Figure 4.4: Doughnut graphs

YY)

Figure 4.5: Doughnut graphs with
blurring



4.2.6  Pie charts

The circle uses the same concept as the doughnuts, but is visually

heavier. Its effect may be improved without a reference frame. The
grey area representing uncertainty is similarly difficult to relate to

the black area as in the doughnut representation.

4.2.7 Blurred bars

Bars are a familiar data graphic (an important factor as discussed
in 3.4). Additionally, bar length is more easily compared than an-
gles in doughnuts or circles [5]. However, a frame indicating the
whole is needed to perceive it as a parts of a whole or proportion
representation unlike to circles or donuts which naturally represent
a whole and proportions. Uncertainty can be added as blurring or
alternatively as a grey area.

4.3 Illustrate the story and/or key messages: Infographics @

An “infographic” is “a visual representation of information or data,
e.g., as a chart or diagram.” Inforgraphics originated in the 1960s,
a portmanteau of “information” and “graphic.” In recent years, the
term “infographic” has come to denote a type of visualization that
uses a carefully designed combination of graphical elements, lay-
out, and text to illustrate, highlight, or summarize a topic or to “tell
a story.” As an illustration, Figures 4.8—4.10 gives three examples of
recent infographics on health topics. Many more examples may be
found searching using the keyword “infographics.” It is important
to note that infographics often are usually tailor-made for a specific
purpose and audience. That specification likely explains some of
the choices of graphics, text, and colors. When designed carefully,
infographics can be highly effective in the stand-alone communica-
tion of a summary or story.

The process for creating infographics (and representations for
communication in general) is sketched in item @ below.

4.4 The process of creating representations @

The process of creating representations for communication of in-
formation, including infographics, can benefit from close alignment
with the report writing process. The following steps are aimed at
guiding through the authors of scientific health reports through the
process.

1. Define the key message(s) to communicate. This decision requires
domain knowledge and may benefit from close collaboration
between scientists and their audience. For all following steps,
consider for each choice or decision whether the graphics com-
municate these key messages without distorting them. Be sure
not to overload each data graphic. Potentially summarize or
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Figure 4.6: Pie charts

Figure 4.7: Blurred bars
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graphic, after [6]



aggregate the information to support the key messages and/or
consider creating more than one representation for different
aspects of each message or at different levels of details.

2. Determine whether there is a “natural” structure to the information
to be presented. If there is no natural structure, it may be advan-
tageous to use the most important influencing factors (such as
the severity and transmissibility in the pandemic impact study
[1]) as structure. Alternatively, one might decide to structure
data graphics along one or more storylines or relevant example
scenarios.

3. Select suitable visual elements for encoding the information. In choos-
ing suitable visual elements it may be necessary to experiment
with different options, or let the audience choose from elements
to suit their preferences. Make sure the visual elements match
the purpose of the data graphic and support the communication
of the key messages.

4. Follow a storyline For infographics, chose simple graphical ele-
ments that illustrate a scenario. Carefully chose a suitable layout.
Tell the story or highlight the key messages through suitable text
and markings such as color, frames, or arrows. You may want to
use familiar/memorable elements such as relevant pictograms
instead of or in addition to labels.

5. Refine the representations Review, critique, and refine the represen-
tations through the general advice (item © above) for improving
representations.

6. Layer information For the layering of information (see also item ®
below), it may be useful to consider using the same structure or
layout of the information but with a finer or coarser granularity
respectively. Additionally, the same or similar visual elements
could be used to communicate more or less details depending
on the level the representation is intended to communicate at.

A few lessons in this regard may be learned from cartographic
generalization (e.g. [8]).

4.5 Unsolved problems requiring further research ®

One aspect of report and data graphic preparation that was re-
vealed by the requirements analysis concerned the layering of infor-
mation at different levels of detail in the reports. While this finding
was focused primarily on the written report, a similar concept
could be adopted for layering information in data graphics. Open
questions include: how can visual representations at different levels
be (interactively) linked? One option is the use of annotations and
links that could be switched on or off based on user preferences.
These links would then enable navigation between the different
layers of information. A report might start with a summary data
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graphic of the content, in order to get an overview. Upon request,

users would then be able dig deeper into the data and evidence by
following links that reveal further data graphics with more details
and data. As discussed above, it may be useful to use the same or

similar visual elements but at different levels of aggregation.

Such possibilities lead to the consideration of interactive or an-
imated report elements. Interaction demands additional cognitive
load of users. Consequently, interaction would need to be carefully
designed to support specific information and activities without
overloading already time-poor policy advisers. The options that
interaction could provide and their effective design is not discussed
in this project, but is an important avenue for future research in this
area.

10.5281/zenodo.15331321



McVernon et al., 2014

5
Applications

a) Mask use in mixed practice model

The recommendations as detailed in section 4 were applied to the
design of data graphics for the personal protective equipment °
stockpiling report [2]. Two example original images in the sum- o
mary are shown in Figures 5.1 and 5.2. The goal of redesigning

these data graphics was to create a standalone representation that U CUoerhed SWardl - Wordoverhead

EDILI EDoverhead  * GP ILI GP overhead

summarizes the key messages of the report. Although a few in- . .
Figure 5.1: Example original PPE data
fographic elements for highlighting were used, the aim was not graphic [2].
specifically to create an infographic. The resulting data graphic is
shown in Figure 5.3.
However, even without creating completely new data graphics
the original graphics (as shown in Figures 5.1 and 5.2) could still be b) Mask use in full cohorting model

260

improved by working through the checklist in Appendix 5.1. The iw

Cohorting in hospitals and use of community designated influenza practices

0

following paragraphs show how the advice in section 4 part ® was

0

applied to create the summary data graphic of the key messages

10

from the report [2], shown in Figure 5.3. o

1 2 3 a 5 6 7
[ ICU overhead
Cohrted ward ILI Cohorted ward overhead

1. Defining the key messages and identifying supporting data: The key e el 0 fucincverheas

Designated flu practice ILI Designated flu practice overhead

messages for the data graphic were taken from the section “1. Figure 5.2: Example original PPE data
Key Findings” of the PPE Stockpiling report [2]. From the sum- graphic [2].
mary of the report it became clear that the two existing data

graphics (see Figures 5.1, 5.2) were intended to support the com-

munication of the key messages. Thus, those two data graphics

were used as a starting point. By focusing on simple data graph-

ics, and taking care not overload the reader with information, we

checked how much of the information in the existing data graph-

ics related directly to the key findings. Critical analysis of these

data graphics revealed that the key findings are related a. to

medical staff use of PPE dynamically associated with case pre-

sentation (ILI); and b. overhead use of PPE for general protection

of hospital and clinical staff regardless of direct patient contact

(Overhead). The more detailed subcategorisations (see Figure

5.1, 5.2) are arguably not as important as these key findings. It

was thus decided to aggregate the data contained in the origi-

nal figures to only show the two categories, ILI and Overhead.

Using these two categories directly supports the communication

of the key findings, which are also formulated at this level of

granularity.
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2. Defining a structure/layout: Figures 5.1 and 5.2 contain informa-
tion related to seven pandemic scenarios. Those seven scenarios
were laid out in an earlier report [1] along the two axes of sever-
ity and transmissibility (see the “bubble graphic” in Figure 2.4).
That graphic received positive feedback from the policy makers.
We thus decided to reuse the layout of that graphic (the axes
of transmissibility and severity subdivided in three categories
low, medium, high) as the overall layout to show the key find-
ings of the stockpiling report. The selected visual elements (see
following step) were laid out along those axes.

3. Selection of visual elements: The key messages talk about compar-
ing the two categories, ILI and Overhead, as well as comparing
between two models (standard and cohorting). We thus need
visual elements that support comparison, such as length. Addi-
tionally, bar charts which utilize length to display information
are a familiar type of graphic adding to the readability of the
data graphic.

4. Highlight the key messages: The data graphic was reviewed and
the portions of the representation identified that most clearly
illustrated the key messages. Arrows containing a summary of
key messages were added pointing to the portions that most
clearly illustrated the respective key message.

5. Refining the visual representation: To refine further the data graphic,
the checklist in Appendix 5.1 was followed. First, the data
graphic should be standalone. A descriptive title with key-
words highlighted in bold was added. The axes were clearly
labeled with “Transmissiblity” and “Severity.” Both axes have
labeled just two categories: “low” and “high.” The category
“medium” was omitted as it seems redundant to explicitly spec-
ify “medium” as being between “low” and “high,” and omitting
one category reduced the label density. Further, a legend explain-
ing the two colors used in the bar charts was added. Finally, the
two models compared (“cohorted” and “non-cohorted”) were
explained at the side of the representation under the legend. A
single font was used for all text but some variation in size was
used to reflect the relative importance of the conveyed informa-
tion.

Second, we considered the technical requirements for the data
graphic. The representation uses black or greyscale to show all
information. Only the borders of the arrows are red to attract at-
tention. However, if the data graphic is reproduced in greyscale,
no information would be lost and the messages are still clearly dis-
cernible. Using greyscale also enables optimized used of the png
file format and thus a small file size.

Third, the data graphic was “polished” to improve both aes-
thetic and analytical appeal. Care was taken to align the seven
sub-graphics to support comparison of values. Additionally, the

10.5281/zenodo.15331321



Comparing estimated amounts of personal protective equipment (PPE) usage
in seven pandemic influenza impact scenarios (categorized by severity and transmissibility)

Legend:

Il Use by medical staff (ILI)

[ Use by cleaners and
other staff (overhead)

High

Non-cohorted: traditional
health care setting
Cohorted: limited number of
dedicated influenza services

Severity

Transmissibility

grid lines of each bar chart was changed to light grey to reduce con-
trast. Grid lines support comparison, but dark lines, too many lines,
or tick marks can be distracting (sometimes considered “chart junk”
[4]). All bar charts use the same scales on the x and y axes further
supporting comparison of values. The two grey values showing the
two categories “ILI” and “Overhead” were chosen so that both are
clearly visible, but also clearly distinct from each other.

5.1 Summary

Although only a relatively small pilot project, the feedback from
both the scientists and the policy makers for the results of this
project have been highly encouraging. The project has demon-
strated how the application of simple data graphics design princi-
ples can substantially improve the coherence, clarity, and usefulness
of data graphics in scientific reports to policy makers. Amongst the
key findings of the project include the importance of:

¢ adhering to fundamental principles of data graphics design,
including maximizing the data ink ratio and minimizing “chart
junk,” and selecting data graphics elements that enable rapid
comparison of data along aligned scales.

* supporting multi-granular representations, that can be read both
at an executive summary level by decision makers, while still
allowing “drill down” low-level analysis and interpretation by
policy advisers.

¢ facilitating display and sharing using a variety of technologies,
including hard copy print-outs, emailing, low-resolution data
projectors, and greyscale reproduction.

¢ interleaving of data graphics and narrative elements in the re-
port, ensuring that key data graphics and report writing both
highlight and reflect the key messages of the report.

10.5281/zeno0do.15331321
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Figure 5.3: The new standalone rep-
resentation communicating the key
findings of the personal protective
equipment stockpiling report [2].
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The results also suggest a wide variety of key options for future
work building on this successful pilot, including;:

¢ Extension to wider domains: This pilot project has only con-
sidered one application domain, health. However, the problem
addressed by this work—the effective communication of complex
scientific information to policy makers, has wide applicability.
Current work is already orienting towards extending these re-
sults to wider domains, including water resources and smart
cities and urban planning. An ARC Discovery Project, currently
under consideration for commencement in 2015, has been sub-
mitted to the ARC with this specific focus. The current MSoG
Incubator Grant was instrumental in developing and submitting
this major funding proposal.

* Development of infographics: The vital importance of narrative—
“telling a story”—was an unexpected but clear outcome of the
requirements analysis conducted in this project. Supporting the
further development and integration of infographics with scien-
tific reports, for example as the core of the executive summary of
a report, warrants further investigation and work.

¢ Linking and layered reports: Amongst the other key outcomes
of the requirements analysis in this project was highlighting
the importance of multi-layered reports, which allow commu-
nication of high-level messages to decision makers, while still
facilitating “drill down” analysis by policy advisers. Future work
could profitably investigate technologies to assist with such
multi-layered reporting, such as hyperlinked documents, linked
data structures, or XML-based technologies that enable multi-
ple different reports to be compiled from the same underlying
documents.

¢ Fully interactive reports: Finally, moving beyond simple linked
report, there is an opportunity to introduce even more interac-
tion, for example even allowing policy advisers to execute and
explore carefully constructed and restricted aspects of the full
scientific model. As a stepping stone, the paradigm of “exe-
cutable documents” might also be used to embed limited simu-
lation and modeling capabilities within scientific reports. Such
approaches hold the potential to allow policy makers to attain a
deeper understanding of the results, sensitivity, and uncertainty
associated with models, without overburdening reports with
excessive data graphics and tables.
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Checklist for representations

0O Explanatory/summarizing title.

O Axes labels explanatory rather than symbols, abbreviations, or
acronyms.

O Contains legend, legend entries explanatory.

O Font size legible, single font style throughout graphic, except
bold/italic for highlighting.

O Representation can stand for itself, no additional explanations or
captions needed.

O File size small (vector graphic or png), resolution maximum
XGA 1024x768 (projector).

O Representation in black/white or greyscale, use of color spar-
ingly as highlights or designed color scheme used, reproduction
of color on greyscale printout works.

0O Double encodings of the same information avoided (e.g., use of
bar length and color to show the same information), except for
instances of deliberate highlighting.

O “Chart junk” [4] removed, e.g., no avoidable lines, tick marks,
tick mark labels, shadows, frames, background shading, decora-
tions, ...

O Maximize data ink [4], i.e., of all the “ink” used for the represen-
tation (including frames, labels,...); most “ink” is used to show
the data.

0O Comparison between representations, parts of representations is
encouraged, e.g., through aligned and equal axes.
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