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1 Live experiment 10 mins

2 Graph makeover with three design principles 30 mins



Captured a graph in the wild
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Three design
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Captured a graph in the wild

Three design
principles

Which is more understandable?



Protocol for our experiment right now

Pose a question
Display the original for 5 seconds

Display the revised for 5 seconds

s b=

Type into chat:
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?
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Impact of CDISC Standards on

Clinical Study Cycle Time

14+

125

10-

8_
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
@ coisC







Revised

CDISC standards save eight months
of clinical cycle study time
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industry Study | Analysis &
average conduct reporting
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Study conduct does not include patient participation time.
Figures are benchmarks based on aggregate data; study-specific cycle times and cost metrics will vary.
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Which did you get the answer from?



What does 5 seconds matter?

Attention economy

Exponential growth of information



What does 5 seconds matter?

Attention economy

Exponential growth of information

Data visualization allows us
to quickly find patterns
in large amounts of data.



Explosion of the data visualization field

Measles

Vaccine introduced
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Explosion of the data visualization fie

Measles

as ina intraduced As dubinn Dz,
Alaska Lockdowns and COVID Cases
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Data Visualization Society presents

Information is Beautiful
Awards
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Data-ink I’atio Edward Tufte, 1983




SECOND EDITION

The Visual Display

of Quantitative Information

EDWARD R. TUFTE

Data-ink ratio -...ufe, 1983

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

or the "non-erasable core” of a graphic



Data-ink ratio -...ufe, 1983

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

or the "non-erasable core” of a graphic

SECOND EDITION

The Visual Display Data ink
of Quantitative Information Data ink ratio =
EDWARD R. TUFTE NOn-data |nk




Identify non-data ink
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Identify non-data ink

3-D axis \ 3-D shapes
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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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Cognitive ergonomics



Cognitive ergonomics
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Make life easy and
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Cognitive ergonomics

[\

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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The mortal sin of pie charts









The mortal sin of pie charts

Humans are bad at judging area,

much better at judging length



The mortal sin of pie charts

"ThidIa08 WY

This is one category

| cannot understand this
chart

Here is a very long label

It is very hard to read this

What is this chart about?

More than about 5 categories are unintelligible



Parts to whole

14
12
10
8
Months
6
x
Uk ln
0

Study Start-Up StudyConduct  Analysis & Cumulative per
Reporting Trial

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



Make a stacked bar
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Make a stacked bar
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Use a reference to make your point
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THE WALL STREET JOURNAL.

GUIDE TO
INFORMATION

GRAPHICS

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

AND FIGURES

O‘ I-III'M\Z

Whoever controls the reference
controls the message.

Dona Wong



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

Difference from

the reference
is the key

i 7
10

8.
Months

Cumulatlve per
Trial

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
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A pause in honor of white space



Data Visualisation

“The courage of emptiness”

Andy Kirk
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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
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Text needed to understand the data, but not the data itself
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Regularize supporting text

One font only Arial, Times New Roman, etc.
No variants narrow, condensed, SmaLL CapPs, 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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Study conduct does not include patient participation time.
Figures are benchmarks based on aggregate data; study-specific cycle times and cost metrics will vary.
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Text orientation and legibility

Best legibllity
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Just terrible
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When your column labels are slanted....
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= CcONnvert to a bar chart for label legibility
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. Study startup . Study conduct

. Analysis & reporting
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Distance between data and its labels: Too far
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Distance between data and its labels: ClosSer.=-

ML/Big Data
Data Visualization

I Math/Stats
DevOps

I l Programming

Business

David  JasonW JimV Erin Elissa




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




Put labels right on top of series

Current
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Finally, draw attention to the message
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Give the conclusion right in the title

CDISC standards save eight months
of clinical cycle study time

Current ! .
industry Study | Analysis &
average conduct reporting

With
CDISC
0 2 4 6 8 10 12

Months




Finally, replace notes and logo

CDISC standards save eight months
of clinical cycle study time

Current ! .
industry Study | Analysis &
average 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.

PLISC



Impact of CDISC Standards on

Clinical Study Cycle Time

14+

125

10-

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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Know your message and design for it



Know your message and design for it

Impact of CDISC Standards on
Clinical Study Cycle Time

144

125

10+
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Months

Study Start-Up StudyConduct  Analysis & Cumul Study Conduct does
Reporting Trial not include patient
participation time.

ll 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
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Know your message and design for it

What is the primary aim of your graph?
What do you want viewers to take from your graph?
What is the important comparison to be made?
What is the appropriate reference?

Where do you want to steer the viewer’s attention?



Know your message and design for it
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Three design principles

Know your message and design for it

Data-Ink ratio

Cognitive ergonomics



Thank you

Kate Miller, PhD MPH
Senior Biostatistician
katemill@stanford.edu

Stanford
MEDICINE | Quantitative Sciences Unit






Typical constraints on graphs in medical journals

Editorial norms and standards

“Time series data must be
presented in a line chart.”

Unfamiliarity
Reviewer X:
“I've never seen this kind of chart before.
Please replace it with a bar chart.”

Fees for color



Typical constraints on graphs in medical journals

Editorial norms and standards

“Time series data must be
presented in a line chart.”

Unfamiliarity
Reviewer X:
“I've never seen this kind of chart before.
Please replace it with a bar chart.”

Fees for color

Every principle

we talked about today
can be applied under
these constraints.



Please feel empowered to drive the field forward

Classification
method: Healthy People 2020 target
Attribution e -
Time Point : Admission Labor Delivery
Above
23.9%
Nurses
N =319
Below
23.9% 45%
2% B
J\/L' ‘:\_}
Agreement: 58% 84%
Above
23.9%
Physicians
N=126
Below
23.9%

Agresment: 84% 86%

! Select top and bottom deciles rounded to 9% or 11% but 10%-80%-10% presente

a From first to nth

— N

Highly important goals "™

which the was 0%
“extremely” or “very”
impartant 80%
a% —— Target
setting
20%
o%
Swveynumber: {1 2 3 4 5 6
Nofsurveys:” 195 164 125 302 82 &8
b Operations
Top-3 goals 100%
Perumoisuveysm
BO%
rankedntgtloplhm
60%
B Human
20% resources
%
Swveynumber: 1 2 3 4 & 6
Nofswrveys:" 203 168 130 906 85 &9
c Monitoring

Highly achieved goals 2%

Surveys

Original domains

Excluded items

Proposed revised domains

:‘J Not under local control

4 Dropped by EFA modeis
7 Did not load on any factors

10 Not under local control
12

14 Dropped by EFA models

25 Not under local control

29 Dropped by EFA modets
31 Not mapped to a domain

Operations and financing

2 Has one comprehensive annual budget for running costs

13 Time facility head spent on managenal activities previous day
20 Maintains books o track revenue and expenditure

Supporhve supervision and target setting

]

Has formal improvement targets to achieve service delivery goals

6 Formal improvement targets for service delivery shared with staff

11 Facility head has received any formal management training
14 Staff are offered training to improve their skills

15 Supervisors hold individual meetings to review staff performance

16 Has established criteria to evaluate staflf performance
17 Has formal, supportive, and continuous supervision system

Active monitoring and review

18 Perceived ability of staff to carry out assignments of daily work

19 Staff encouraged to share new ideas o management

22 Held meetings to discuss routine service statistics with staff
23 Has mechanism to report new disease outbreaks

24 Extent to which data to monitor & improve services is valued
27 Receives reports on common conditions and shares with staff
28 Conducts formal case reviews for quality

Client feedback for improvement

21 Conducts quality improvement activities

26 Reports client opinions using any available tool

32 Made changes based on client opinion in the last 12 months

Community engagement

30 Shared information on performance with the community

33 Has a community advisory board and follows up

34 Has a community member reqularly attending staff meetings

Percent of surve W
in which the goal BO%
was achieved "o a
great extent” B0%
s ‘Not
be a burden®) 4%
i Community Six
o% engagement LS
Surveynumber: 1 2 3 4 5 6
Nofsurveys:' 122 102 89 B1 &8 S8
Legend <= Live as long as possbie w— Not be a burden — B at peace
w—  Be ot home w— Be independent — RO
= Be physcaily comfortable w— Have my decisions respected
=== Be mentaly aware s Support my family

' Median number of surveys across alf ten goals at the nth survey.




Resources

AMA Manual of Style: A Guide for Authors and Editors (11 ed.)
AMA Manual of Style Committee

Previous Edition (10 ed.)

Publisher: Oxiord University Press Print Publication Date: Feb 2020

Read More

FigureS. Download PDF

Chapter: Tables, Figures, and Multimedia
Author(s): Stacy Christiansen and Connie Manno

Figures. -

The term figure refers to any graphical display used to present information or data,* including statistical graphs, maps,
matrixes, algorithms, illustrations, digital images, photographs, and other clinical images. Figures may be used to clarify or
explain methods, to present evidence and quantitative results, to highlight trends and associations or relationships among
data, to clarify complex concepts, or to illustrate items or procedures. Figures should be accurate, clear, and concise. As with
tables, the figure with its title and legend should be understandable without undue reference to the text.

In scientific articles, the choice of a particular type of figure depends on the purpose and type of information being displayed.
Some of the most common types of figures in biomedical publications are discussed herein.

Previous | Next

Wong B nature methods points of view

Advanced Create alert Create RSS

‘ Save

H Email H Send to Sorted |

18 results
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Share
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Points of view: Networks.

Gehlenborg N, Wong B.

Nat Methods. 2012 Feb;9(2):115. doi: 10.1038/nmeth.1862.
PMID: 22396963 No abstract available,

Points of view: arrows.

Wong B.

Nat Methods. 2011 Sep;8(9):701. doi: 10.1038/nmeth.1676.
PMID: 21984999 No abstract available,

Points of View: Typography.

Wong B.

Nat Methods. 2011 Apr;8(4):277. doi: 10.1038/nmeth0411-277.
PMID: 21574271 No abstract available.

Points of view: plotting symbols.

Krzywinski M, Wong B.

Nat Methods. 2013 Jun;10(6):451. doi: 10.1038/nmeth.2490.
PMID: 23866328 No abstract available.

Points of view: Integrating data.

Gehlenborg N, Wong B.

Nat Methods. 2012 Apr;9(4):315. doi: 10.1038/nmeth.1944,
PMID: 22563597 No abstract available.



That said,

many journals have graphics standards

Autophagy 11:1, 1-8; January 2015; © 2015 Tavlor & Francis Group, LLC

EDITOR'S CORNER

Circulation A few ke

AMA Manual of Style:A(  ppIMER
AMA Manual of Style Committee

Previous Edition (10 ed.)

Puhlic

Reveal, Don’t Conceal

% Transformina Data Visualization e Bl B sl

Achieving Graphical Excellence: Suggestions
and Methods for Creating High-Quality Visual
Displays of Experimental Data

Guidelines for Reporting of Figures and Tables for
Clinical Research in Urology

Andrew J. Vickers*, Melissa J. Assel*, Daniel D. Sjoberg*, Rui Qin', Zhiguo Zhao*,
Tatsuki Koyama?, Albert Botchway?, Xuemei Wang®, Dezheng Huo**, Michael Kattan',
Emily C. Zabor™ and Frank Harrell*

*Memorial Sloan Kettering Cancer Center, New York, NY, USA, "Janssen Research & Development, Raritan, NJ, USA,

" Vanderbilt University School of Medicine, Nashville, TN, USA. {Southern lllinois University School of Medicine, Springfield,
IL, USA, "MD Anderson Cancer Center. University of Texas, Houston, TX, USA, * *University of Chicago, Chicago, IL. USA,
and "' Cleveland Clinic, Cleveland, OH, USA

This article is co-published in the journals: European Urology (10.1016/j.eururo.2020.04.048); Urology (10.1016/j.urology.2020.05.002);
Journal of Urology (10.1097/JU.0000000000001096) and BJU International (10.1111/bju.15102)

See related article, p. 13.

Graphics are an important means of communicating experimental
data and results. There is evidence, however, that many of the
graphics printed in scientific journals contain errors, redun-
dancies, and lack clarity. Perhaps more important, many graphics
fail to portray data at an appropriate level of detail, presenting
summary statistics rather than underlying distributions.

in Scientific Publications:

low Not to Be the Latter

n C. Chung, MD, MS

Previous | Next




Graphics editorial series in Nature

Regular editorial
on graphics
for 6 years

By Bang Wong

Ended 2016

POINTS OF VIEW

Design of data figures

Data figures or graphs are essential to life-science communica-
tion. Using these tools authors encode information that readers
later decode. It is imperative that graphs are interpreted correctly.
Despite the importance and widespread use of graphs, we pri-
marily rely on our intuition, common sense and precedent in
published material when creating them—a largely unscientific
approach.

Because accurately interpreting visual variables is such a vital
step in understanding graphs, a rational framework for creating
effective graphs would accommodate the needs of the reader and
focus on the strengths of human perception. Conversely, we want
to avoid displays of data that are misleading or difficult to discern.
For example, it can be tough to accurately judge the differences
between two curves (Fig. 1a). The disparity is actually constant
but our perceptual system is attuned to detecting minimal dis-
tances so the divergence appears to decrease. Another shortcom-
ing limits our ability to accurately judge relative area. This dimin-
ishes the usefulness of bubble charts. For example, the larger circle

THIS MONTH |

Table 1 | Elementary perceptual tasks

Rank Aspect to compare

Positions on a common scale

2 Positions on the same but nonaligned scales
3 Lengths

4 Angles, slopes

5 Area

6 Volume, color saturation

7 Color hue

Tasks are ordered from most to least accurate. Information adapted from ref. 2.

When communicating with graphs, we want readers to perceive
patterns and trends. This is distinct from conveying information
through tables in which we report precise names and numbers.
Cleveland and McGill’s study assessed people’s ability to judge the
relative magnitude between two values encoded with a particular
visual variable (for example, length, angle and others). In other
words, they asked people to estimate how many times bigger A is
when compared to B. Accuracy in their study does not imply
reading out precise values from data points in graphs.

Different graph types depend on different visual assessments







Default graphs in Excel and PowerPoint
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Default graphs in Excel and PowerPoint




Mind-blowing examples

1. Wikipedia editorial decisions
http://notabilia.net/#/ref

2. Hospital infection pathways

https://www.scientificamerican.com/article/graphic-science-rfids-tags-track-possible-out
break-pathways-in-hospital/?WT.mc_id=SA printmag_2012-11

3. Hans Rosling:

“200 Countries, 200 years, 4 minutes”
http://www.youtube.com/watch?v=jbkSRLY Sojo



Wikipedia editorial decisions

Random user makes a Wikipedia page for a topic.
Editor nominates it for deletion.

Group of editors have a week for comments, vote to
either keep or delete.

. Senior editor makes final decision to keep or delete.



Household income in 2014 dollars (% of adults)

1971 ,;..Ivml\elncome Y https://www.ft.com/content/98cel14ee-99a6-
; J,M 2 ,. 11e5-95¢7-d47aa298f769
Il W

FT graphic Alan Smith, Source: Pew Research Center

https://informationisbeautiful.net/visualizations/what-islamic-
golden-age-thinkers-discovered-long-before-the-west/




The mortal sin of 3-D
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Cost of novelty and innovation

Colin Ware,
Information Visualization, Perception for Design

Use tools that are consistent with other
commonly used tools, unless the benefit of
novelty outweighs the cost of inconsistency.
p 24

In other words, it's often worth it to push for a
new kind of design



https://www.scientificamerican.com/article/graphic-science-rfids-tags-track-possible-ou
eak-pathways-in-hospital/?WT.mc id=SA printmaqg 2012-11

Hospital interactions thingy

https://www.youtube.com/watch?feature=player embedded&v=1bkSRI.YSoj0




How do you like your data?

Chart Table
6
5 Yesterday Today Tomorrow
. % Al 43 24 2
2 B| 25 4.4 2
o cl| 35 1.8 3
A B C D D 4.5 2.8 5

Written explanation Verbal explanation

DE ACTIVATIN G
JONE M (Y XE@’

Yesterday there was 4.3 A
and 2.5 B. There was also
3.5 C and 4.5 D. However,
today the numbers are
smaller for A, C, and D.




JAMA Network"

—— JAMA Network Open JAMA Network Open v Enter Search Term

Back to top

General Figure Guidelines

Primary outcome data should not be presented in figures alone. Exact values with measure of variability
should be reported in the text or table as well as in the abstract.

All symbols, indicators (including error bars), line styles, colors, and abbreviations should be defined in a
legend.

Each axis on a statistical graph must have a label and units of measure should be labeled.

Do not use pie charts, 3-D graphs, and stacked bar charts as these are not appropriate for accurate statisti-
cal presentation of data and should be revised to another figure type or converted to a table.

Error bars should be included in both directions, unless only 1-sided variability was calculated.

Values for ratio data—odds ratios, relative risks, hazard ratios—should be plotted on a log scale. Values for
ratio data should not be log transformed.

For footnotes, use letters (a, b, ¢, etc) not symbols.

Do not submit figures with more than 4 panels unless otherwise justified.

See the AMA Manual of Style for more guidance on figure types and components.



Have some.

Posted on January 3, 2017 by Jessica Hagy
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Storytelling with data

Raw death rates
for 45—54-year—old non—=Hisp whites

/_~ \//\\/\/ |

The trend in raw death rates since 2005
can be explained by age—aggregation bias

/\ (& /:T L
Raﬁdeath rate

vy)
O

But the average age in this group is going up!

49.7

1 Expected just from
age shift

49.6

Death rate for 45-54 non—Hisp whites
0.00385 0.00395 0.00405 0.00415

0.00385 0.00395 0.00405 0.00415
Avg age among non—Hisp whites 45—54
495

Death rate among non—Hisp whites 45—-54 >

1/ |/ e
/ 4% )
20"00 20'05 20'1 0 ?.0'00 20'05 20'1 0 20'00 ?0'05 20' 10
Raw death rates : The trend in raw death rates since 2005
for 45~54—year—old non—Hisp whites can be explained by age—aggregation bias

But the average age in this group is going up!

Age-aggregation bias in mortality trends

Andrew Gelman®® and Jonathan Auerbach®"

E816-E817 | PNAS | February 16, 2016 | vol. 113 | no. 7



Convert to bar chart for label legibility

APPLIED COGNITIVE PSYCHOLOGY

Appl. Cognit. Psychol. 19: 953-962 (20053)

Published online 24 March 2005 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/acp.1105

Designing Bar Graphs: Orientation Matters

MARTIN H. FISCHER!*, NELE DEWULF"? and ROBIN L. HILL!

YUniversity of Dundee, UK
2Ghent University, Belgium

SUMMARY

We investigated whether recent discoveries about the cognitive representation of numbers would
predict performance in a graph comprehension task. Participants decided verbally whether state-
ments of the form ‘A > B’ were correct descriptions of subsequently presented bar graphs. We
observed longer decision times for horizontal compared to vertical bar graphs and for negative

comnared ta nacitive nnmher aranhe  (Camnrehencian wme facter when the c¢natial laveant of




A Layered Grammar of Graphics

Hadley WICKHAM

A grammar of graphics is a tool that enables us to concisely describe the components
of a graphic. Such a grammar allows us to move beyond named graphics (e.g., the “scat-
terplot™) and gain insight into the deep structure that underlies statistical graphics. This
article builds on Wilkinson, Anand, and Grossman (2005), describing extensions and
refinements developed while building an open source implementation of the grammar
of graphics for R, ggplot2.

The topics in this article include an introduction to the grammar by working through
the process of creating a plot, and discussing the components that we need. The gram-
mar is then presented formally and compared to Wilkinson’s grammar, highlighting the
hierarchy of defaults, and the implications of embedding a graphical grammar into a
programming language. The power of the grammar is illustrated with a selection of
examples that explore different components and their interactions, in more detail. The
article concludes by discussing some perceptual issues, and thinking about how we can
build on the grammar to learn how to create graphical “poems.”

Supplemental materials are available online.



The Changing Nature
0 of Middle-Class Jobs

By GREGOR AISCH and ROBERT GEBELOFF FEB. 22, 2015

20 & The types of jobs that pay middle-class wages — between $40,000
and $80,000 in 2014 dollars — have shifted since 1980. Fewer of
these positions are in male-dominated production occupations,

€0 jods per 1,00 while a greater share are in workplaces more open to women.
middie-class
jobs RELATED ARTICLE
30 > Gender breakdown of HMEN i POWEH 50
P each occupation ' ! ' I

100% 80 60 60 80 100

Registered »
nurses 7 Production
20 Secretaries supervisors or 30
Health | > foremen
2 technologists and -
- 5 , /_':__./ 8 technicians » Police and > :
C: . S 7 s detectives » 20
// o« e o v / ol -
: ’ =% » o : — {/ o = ¢ - “\. - . \;‘ ‘\
T phlld care wor@[s S—— _—- -
— — — —
=0 + 80 jobs 0 + 40 jobs + 23 jobs + 13 jobs + 3 jobs -3 jobs - 26 jobs - 31 jobs - 38 jobs - 62 jobs
Professionals Managers and Service workers Technicians Police, fire, Administrative Transportation Construction Skilled Machine
and specialists administrators and salespeople and military support workers workers and agriculture production operators and

workers workers assemblers



Two parallel histories of data visualization



Two parallel histories of data visualization

Roots

Traditional statistics

Psychology

Graphic design
18" century




Two parallel histories of data visualization

Roots

Traditional statistics
Psychology

Graphic design
18" century

20" century

Computer Science
ML statistics



Two parallel histories of data visualization

Roots Habits of mind

Traditional statistics .
Data is sparse

Psychology and expensive

Theory-driven

Graphic design
18" century

20" century
Computer Science Data is cheap
ML statistics and abundant

Atheoretic



Two parallel histories of data visualization

Roots Habits of mind Foundational text
Traditional statistics Data is sparse The VisuaI_Di§pIay
Psychology and expensive of Quantitative
Information
Graphic design Theory-driven

18" century

20" century
Computer Science Data is cheap A Layered
ML statistics and abundant Grammar of
Atheoretic Graphics

Wickham, 2010



Two parallel histories of data visualization

Roots Habits of mind Foundational text Programs
Traditional statistics Data is sparse The VisuaI_Di§pIay
Psychology and expensive of Quantitative
Information
Graphic design Theory-driven
18™ century Excel |
PowerPoint
Tableau
Spotfire
3 R (ggplot)
20™ century Python (matplotlib)
Computer Science Data is cheap A Layered D3.js
i and abundant Grammar of
ML statistics Graphics
Atheoretic P

Wickham, 2010



Two parallel histories of data visualization

Impact of CDISC Standards on
Clinical Study Cycle Time

14+

12

10

8
Months

4

2

0 R
Study Start-Up Study Conduct ~ Analysis &  Cumulative per Study Conduct does

not include patient
participation time.

Reporting Trial

18" century

Il 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 var

& Gartne:
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Is this true
across cultures? China

High
Visual
appeal of a
web page

Low

Low High

Visual complexity
of the web page

More Less
white —> white
space space

Relnecke K, Gajos K. Quantifying visual preferences
around the world. CHI’14, April 26—May 1, 2014,

Toronto, Canada. doi.org/10.1145/2556288.2557052



Is this true

across cultures?

Online panel of nearly 40,000 people

42 countries with 1000+ participants:
China, India, US, South Africa,
25 countries in Europe,
5 more in the Americas,
8 more in Asia and Australia.

Adjusted for age and gender

Visual complexity
—— Colorfulness

Relnecke K, Gajos K. Quantifying visual preferences

around the world. CHI’14, April 26—May 1, 2014,

Toronto, Canada. doi.org/10.1145/2556288.2557052
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JNU&U"? -thPh-U'Ul' -lllé??-??‘ JNU&-U‘O]’ -l'lJU&U'T J???\;‘T -INHJW?

|||||||||||||||||||||||||||||||||||||||||||||||||||||
123456780 1234567B801234567891234567891234567891234567889
camplaxity (blua} & colaruiness (red)




Supporting text is
already regularized
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Figure 1, N5-1 protects NZ8/W mice from spontaneous enset of lupus. (A) Representative Westem Slot of nuciear extracts from RAWZ64 7 macioghages
pretreated for 1 Rour with NS-L follomed by LPS for 2 hours. Noncwitured cells, © hows before pretreatment: cultured ce®s. 3 howrs after treatment

(8) Quantification of reclear IRFS in A selative to lamin B1 from 3 ladegendent replicates. Statistical sigaificance was detesmined by 1-way ANOVA. {C) In
vivo innibition of IL-6 secretion by NS-1in WT (bf5"), heterozygous (Het: 4f5*), and KO (vf5 ) mice. Sera were harvested 1.5 howrs after RBAS adminis-
tration. n « 3-4 mice/growp. Statistical significance was determined by 1-way ANOVA. (D) N5-1 dosing strategy for NZB/W F_mice, () Anti-dsONA Ig titers
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4, strongest sgnal. Statistical sgnificance was determined by Mann-Whitney U test. D12 represent mean ¢ SEM. "P <008, *"P < 0.0) aad **"F < 0.001
(G-I Microscophk images of Kidney sections assessed by PAS staining (onginal magnification, «20) showing images of endocagillary and mesangial hyper-
plasia (G). wre loops/ twalinization (H), crescents (1), and nocsesisjkaryorhexis (). Sca'e Bar: 100 pm. (K) Percentage of circulating 130 822000138° (s

f = 4 mice/time point. Statistical sgnidicance was determined by 2-way ANOVA and Banfermoni's muitiple-comparison test. F_ «» 10.27, F < 0.0001, age:
F  » Q125 P~ 0,045, treatment: £« 1527 P« OJ603. Interaction. 'P = 0.0133 vs. PBS, week 38: "P < 00081 and "'"'P < 0.0001 vs. PBS, week 14,

ox



e-emphasize it

—— N5

ratorn Slot of muciear extracts Hrom RAWIGEE 7 mocioghopes
0 "] ' -

re 1, NS protects NIR/W mice from spontantous enset of lupus. (A lepresentative
pretioated foe 1 maur with NS d tured cells, O howrs bafors protseatmant) cultuog
gl epiicates. Statistical determe Voeay v
det, M5 L and KO (015 mee 3ted 1.5 howrs after amenis
NCEAY F omy LE) At i-dsINA g tiler

% (D) NS-1 dosing st

F) ANA immunaflucsescenke 0enng for sotl feom ¥ & 1-treated mice O, nogat
mi htney Utest D13 epresent me 1 008, ""F<00L5ad "
iy F g inal magrification, «209 showieog images af endocapiitary and mesangal hype
ANG NOCAHSSI KAy |J| Saehar VO K) PFrecentaoe
$ detormined by 2-way fermoni's muitiphe-Comparison test thes I
1 L Week 38: TP < 00081 an v 0 vs. PES. ween 14




L Ne
ﬂ’ ')(,.Ton..auoL :.., &/erview Q\"'i’

2008 Total:

1690

High Pluns/Xansaes

1600
7. sum w.a.,' (e' 1400
. " .) 1200 £
§ W 15 Mar Wy Outbreaks 1000 @
Saccades > — w5
: 30 PoP . 600
20 : 400
0 . Jh.Ad udo e o bl th il 9

T~
.n.rl Aug Sep Oct Nov Dec

Q.6 Appr“vimat\. ; how“any t" tc@iydo o.ﬂnts::urr't'.urbt 20087

600 800 1000 1200
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Example from a high-profile journal
Proceedings of the National Academy of Sciences
The trend in raw death rates

But the average age since 2005 can be explained
in this group is going up! by age-aggregation bias

Raw death rates
for 45-54-year-old
non-Hispanic whites
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Gelman, Auerbach, Age-aggregation bias in mortality trends, PNAS, 2016 113(7): E816-7
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Add series labels
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Nascent research considering this question
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The role of titles in enhancing data visualization

Dana Linnell Wanzer *, Tarek Azzam, Natalie D. Jones, Darrel Skousen

RCT of “informative” vs. “generic” figure titles among technical readers.



Nascent research considering this question

Contents lists available at ScienceDirect

EVALUATION

i PEOGRAM PLANNNG

et 0] Evaluation and Program Planning .
" ". 'J' AN
| .\] S]'\fl FR joumal homepage: www.elsevier.com/locate/eval progplan
L)
The role of titles in enhancing data visualization A3

Dana Linnell Wanzer *, Tarek Azzam, Natalie D. Jones, Darrel Skousen

RCT of “informative” vs. “generic” figure titles among technical readers.

No difference to accuracy of judgments or perceived credibility of data.

Informative titles required less mental effort, more esthetically pleasing



Know your message and design for it

“If I had an hour to solve a problem,
I'd spend 55 minutes thinking about the problem
and five minutes thinking about solutions.”

- Einstein




Know your message and design for it

“If I had an hour to solve a problem,
I'd spend 55 minutes thinking about the problem
and five minutes thinking about solutions.”

- Einstein

“If | had an hour to make a data visualization,
I'd spend 55 minutes thinking about my message
and five minutes thinking about the design.”

- A skilled visualizer




