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Data visualization

Making great graphs with familiar tools
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Outline

1. Live experiment 10 min

2. Graph makeover using

. . 20 min
two design principles

3. Presenting data to patients 10 min



Captured a graph in the wild

Two design
principles




Captured a graph in the wild

Two design
principles

Which 1s more understandable?
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Conduct a study right now

Pose a question
Display the original for 5 seconds
Display the revised for 5 seconds
Webinar poll:

Which did you get the answer from?



What is this graph about?

Drug companies (or “the industry”)
run clinical trials on new drugs
and send the data to the FDA.

The FDA wants companies to use
a standard data format called CDISC.

“Clinical study cycle time”
IS the total time needed for a drug trial.



Question

On average, how much time

do clinical trials save by using CDISC?



Original

Impact of CDISC Standards on

Clinical Study Cycle Time

144

124

10+

a_
Months

Study Start-Up Study Conduct  Analysis &
Reporting

Cumulative per
Trial

Study Conduct does
not include patient
participation time.

B Current industry average B CDISC Standards Impact B Savings using CDISC standards (mos)

Note: Figures are benchmarks based on aggregate data; study-specific cycle times

and cost metrics will van
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Revised

CDISC standards save eight months
of clinical cycle study time

Current

industry Study Analysis &
average startup reporting
With
CDISC
0 2 4 6 8 10 12 14
Months

Study conduct does not include patient participation time.
Figures are benchmarks based on aggregate data; study-specific cycle times and cost metrics will vary.

@coisc (-




Webinar poll

Which did you get the answer from?



Why does 5 seconds matter?

We live in a world of abundant data
and scarce attention



W
hy does 5 seconds matter?

We live in a
world of abund
a
and scarce attention ntdata

Global scientific output

"~ sounnar or e ASSOCUTIE T doubles ab
out every 9
LooY years

[HFOHMATIOH SCIENCE AND TECHNO

RESEARCH ARTICLE
Growth rates of modern science: A bibliometric analysis
based on the number of pub\icatiuns and cited references

Lutz Bornmann, Rudiger Mutz

First pub\ished: 29 April 2015 Full publication istory

pol: 10.1 002/asi 23329 View/save citation
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Explosion of the data visualization field
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Explosion of the data visualization field
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The Visual Display

of Quantitative Information

EDWARD B. TUFTE

Data-ink ratio

Edward Tufte, 1983



Data-l N k ratl O  Edward Tufte, 1983

Data ink =
The Ink used to display the data itself,

or the “non-erasable core” of a graphic
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The Visual Display
of Quantitative Information

EDWARD B. TUFTE



Data-l N k ratl O  Edward Tufte, 1983

Data ink =
The Ink used to display the data itself,

or the “non-erasable core” of a graphic
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The Visual Display

of Quantitative Information

Data ink

Data Ink ratio =
EDWARD R, TUFTE Non'data Ink



ldentify non-data ink

144

124

10+

B-
Months

Study Start-Up Study Conduct  Analysis & Cumulative per
Reporting Trial

B Current industry average B CDISC Standards Impact B Savings using CDISC standards (mos)




3-D axis
~

Gridlines Ll

around
legend

ldentify non-data ink

3-Ds

Months

Study Start-Up Study Conduct  Analysis & Cumulative per

Reporting Trial

j B Current industry average B CDISC Standards Impact B Savings using CDISC standards (mos)

3-D shapes

hading

outline



The mortal sin of 3-D

APPLIED COGNITIVE PSYCHOLOGY
Appl. Cognit. Psychol. 14: 151-162 (2000)

Do Irrelevant Depth Cues Affect the Comprehension
of Bar Graphs?

MARTIN H. FISCHER*
Department of Psychology, University of Munich, Germany

SUMMARY

Eight participants decided whether two- or three-dimensional bars embedded within two-
or three-dimensional frames were semantically consistent with written inequalities of the
form ‘A > B’. Inequalities were presented either before {(Experiment 1) or after the graphs
(Experiment 2). In Experiment 1, irrelevant depth cues were associated with slower decision

.
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This 1s all the non-data Ink
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Study Start-Up Study Conduct  Analysis &  Cumulative per
Reporting Trial
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Cognitive ergonomics



Cognitive ergonomics

\

Make life easy and
comfortable for the
body at work



Cognitive ergonomics

[\

Make life easy and Make life easy and
comfortable for the comfortable for the
mind at work body at work



Cognitive ergonomics

/0

Make life easy and Make life easy and
comfortable for the comfortable for the
mind at work body at work

Reduce mental workload, decision-making, cognition,
executive functioning, attention management, etc.
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Study Start-Up Study Conduct  Analysis &  Cumulative per
Reporting Trial
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Parts to whole
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Study Start-Up Study Conduct  Analysis &  Cumulative per
Reporting Trial
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The mortal sin of pie charts



The mortal sin of pie charts
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The mortal sin of pie charts

e




The mortal sin of pie charts

Humans are bad at judging area,
much better at judging length




The mortal sin of pie charts

A

v

More than about 5 categories are unintelligible



Parts to whole
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Make a stacked bar
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Study Start-Up Study Conduct  Analysis &  Cumulative per
Reporting Trial
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Make a stacked bar
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Make a stacked bar
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Make a stacked bar
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Make a stacked bar
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B CDISC Standards Impact
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Use a reference to make your point
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Use a reference to make your point
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Use a reference to make your point

14 - é_
| This total Is

., thereference

Months

ThIS IS time
using CDISC

o

by

Cu rr'ulatw e per

B Current industry average B CDISC Standards Impact B Savings using CDISC standards (mos)



Use a reference to make your point

14

12

Difference from
the reference
Is the key
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THE WALL STREET JOURNAL.

GUIDE TO
INFORMATION

GRAPHICS

THE DOS & DON’TS
OF PRESENTING
DATA, FACTS,

AND FIGURES

0‘ I-IIlIW

Whoever controls the reference
controls the message.

Dona Wong



Use a reference to make your point

14

12

Difference from
the reference
Is the key

10
B.
Months
B.
4

2 .

Cu rr'ulatw e per

0

B Current industry average B CDISC Standards Impact B Savings using CDISC standards (mos)



Use a reference to make your point
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Where we are

14
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Months
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A pause In honor of white space



The courage of emptiness

Andy Kirk
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White space is cognitively comfortable



Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh

Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh



Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh

Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh



Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh

Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh




Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh

Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum interdum ac odio sit
amet mattis. In hac habitasse platea dictumst.
Morbi a mattis nibh. Mauris id turpis vitae
lorem vehicula consequat. Etiam turpis est,
tempor nec ex a, sagittis dapibus nibh.
Vestibulum laoreet convallis ante, sed blandit
ligula lobortis id. Quisque velit mi, hendrerit et
vehicula vel, consequat a ante. Fusce vel diam
sit amet nisl faucibus ultricies ac non lorem.
Cras suscipit, odio ut molestie porttitor, nunc
velit hendrerit enim, non hendrerit nibh

White space can be used as virtual ink




Show Me the Numbers

Designing Tables and Graphs to Enlighten

<Y BB [

Stephen Few

Supporting text

Stephen Few



Supporting text stephen Few
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Supporting text stephen Few
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Text needed to understand the data, but not the data itself



Regularize supporting text

One font only  Arial, Times New Roman, etc.
No variants narrow, condensed, SMALL CAPS, etc.

Same background as slide



De-emphasize supporting text

Smaller than other text
No underline, bold, highlight, italics
Use % black



% black drives % attention

Hey, look at me!

| am less important



Notes on original graph

Study Conduct does
not include patient
participation time.

Note: Figures are benchmarks based on aggregate data; study-specific cycle times

and cost metrics will varv.




Notes on original graph

Study conduct does not include patient participation time.
Figures are benchmarks based on aggregate data; study-specific cycle times and cost metrics will vary.



Regularize & de-emphasize supporting text
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Text orientation and legibility

Best legibility

<,
Just terrible



Text orientation and legibility

Best legibility

Just terrible



Other text disasters to avoid

ALL CAPS IS YELLING



Other text disasters to avoid
ALL CAPS IS YELLING

Different colors by word is very distracting



Other text disasters to avoid
ALL CAPS IS YELLING

Different colors by word Is distracting

This font is illegible
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This font too Is illegible



Other text disasters to avoid
ALL CAPS IS YELLING

colors by word Is distracting

This font is illegible
This fiont i5 s illegitle
This font too Is illegible

Using Comic Sans will gain you enemies



Convert to bar chart for label legibility
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Add series labels
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Jl Analysis & reporting



Distance
between
data and
its label

Current
Industry
average

With
CDISC

Add series labels

I Study startup Jl Study conduct

Jl Analysis & reporting



Distance between data and its labels: Too far
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Distance between data and its labels: Closer...

ML/Big Data
Data Visualization

Math/5tats

David  JasonW  JimV

=

evOps

Programming

Business



Distance between data and its labels: Right on top
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Distance between data and its labels: Data /s the label




Put labels right on top of series

.ﬁé‘ﬂftp; Study Study Analysis &

average startup conduct reporting
With

CDISC




Finally, draw attention to the message

.ﬁé‘ﬂftp; Study Study Analysis &
average startup conduct reporting

With
CDISC

0 2 4 6 38 10 12



Tell the story right In the title

CDISC standards save eight months
of clinical cycle study time

.ﬁé‘ﬂftp; Study Study Analysis &
average startup conduct reporting

With
CDISC




Replace notes and logo

CDISC standards save eight months
of clinical cycle study time

.ﬁgﬂft?; Study Study Analysis &
average startup conduct reporting
With
CDISC
0 2 4 6 8 10 12 14
Months

Study conduct does not include patient participation time.
Figures are benchmarks based on aggregate data; study-specific cycle times and cost metrics will vary.

@coisc [




When you make a new graph....

Clarify your main message.
Look at a book for inspiration.
Maximize your data-ink.
Consider cognitive ergonomics.



Presenting graphs to patients



Why present data to patients
as visualizations?

Show magnitude of specific risks or benefits

Boost understanding of numbers presented in text form
Garcia-Retamero 2010, 2012, 2013

Establish trust
Gurmankin 2004



How we present data really matters

1
2



How we present data really matters
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How we present data really matters

000 0 1
Half 0000
OO000O 1
O0OO0O0O > 50%
0.5

7114 .

Mathematically identical, cognitively different




Literature on patient graph comprehension

Fairly young literature, but growing



Literature on patient graph comprehension

Fairly young literature, but growing

Typical study:

Show patients various layouts, then measure:
Objective comprehension
Percieved comprehension
Preferences



Individual traits affect graph comprehension



Individual traits affect graph comprehension

Age: Comprehension declines after about age 70



Individual traits affect graph comprehension

Age: Comprehension declines after about age 70

Gender: No strong differences



Individual traits affect graph comprehension
Age:. Comprehension declines after about age 70
Gender: No strong differences

Soclioeconomic status, race, ethnicity:
Differences are just a function of...



Individual traits affect graph comprehension

Age: Comprehension declines after about age 70

Gender: No strong differences

Soclioeconomic status, race, ethnicity:
Differences are just a function of...

Education level: Positive correlation



Individual traits affect graph comprehension

Age: Comprehension declines after about age 70

Gender: No strong differences

Soclioeconomic status, race, ethnicity:
Differences are just a function of...

Education level: Positive correlation

In turn, these differences are just a function of...



Individual traits affect graph comprehension

Literacy

Numeracy



Individual traits affect graph comprehension

Literacy

Numeracy

Graphacy

“Graphicacy”
“Graph literacy”



lcon arrays

Hawley 2008, Kim 2017, Kurz 2008, Ancker 2006



lcon arrays

“Pictographs”
“Pictograph arrays”
“Population diagrams”

Hawley 2008, Kim 2017, Kurz 2008, Ancker 2006



Baseline risk

The risk of heart attack
in the next 10 years for
100 people like you

-
e 3
*

-
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. 82 People DO NOT
HAVE a heart attack

. 18 People DO
HAVE a heart attack

lcon arrays

Mayo Clinic



lcon ar rays Mayo Clinic

Baseline risk Stop smoking, aspirin
The risk of heart attack The risk of heart attack
in the next 10 years for in the next 10 years for
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lcon ar rays Mayo Clinic

Baseline risk Stop smoking, aspirin
The risk of heart attack The risk of heart attack
in the next 10 years for in the next 10 years for
100 people like you 100 people like you
_'.._¢__+_*__..._+_+,,._* - +_+.§_+ +-+' * .
Lo ah b 2 ok o o > :
> I O T R R O O
- RN -
. - - N S e . .
: . - O S -
reduction e
IN risk
82 People DO NOT 91 People DO NOT
- M-m-m/ \ HAVE a heart attack
18 People DO 9 People DO HAVE
HAVE a heart attack . a heart attack



When presenting data to patients:

Use both text and graphs

Use icon arrays to display risks and tradeoffs

Use natural frequencies, not rates or percentages

Consider the individual patient Over 707
Low graphacy?
Low numeracy?
Colorblind?



Thanks.
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