
Kate Miller, PhD MPH
Senior Biostatistician
Quantitative Sciences Unit
Stanford School of Medicine
katemill@stanford.edu

Data visualization:
Making great graphs 
with familiar tools

Brown University
October 28, 2022



Outline

1 Live experiment 10 mins

2 Graph makeover with three design principles 30 mins
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Which is more understandable?



Protocol for our experiment right now

1. Pose a question
2. Display the original for 5 seconds
3. Display the revised for 5 seconds
4. 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?



Original





Revised

Current 
industry 
average

With 
CDISC

Months
14121086420

Study 
startup

Study 
conduct

Analysis & 
reporting

8 months saved

CDISC standards save eight months 
of clinical cycle study time

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



Which did you get the answer from?



What does 5 seconds matter?

Attention economy
Exponential growth of information



What does 5 seconds matter?

Data visualization allows us 
to quickly find patterns 

in large amounts of data.

Attention economy
Exponential growth of information



Explosion of the data visualization field
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Explosion of the data visualization field







Three design principles



Data-ink ratio Edward Tufte, 1983



Data-ink ratio

Data ink = 

The ink used to display the data itself, 

or the “non-erasable core” of a graphic

Edward Tufte, 1983



Data-ink ratio

Data ink = 

The ink used to display the data itself, 

or the “non-erasable core” of a graphic

Edward Tufte, 1983

Data ink ratio =
Data ink

Non-data ink



Identify non-data ink



Identify non-data ink

Outline 
around 
legend

Tick 
marks

Gridlines

Chart area 
outline

3-D shapes

3-D shading

3-D axis



The mortal sin of 3-D



This is all the non-data ink



Ditch it!
This is all the non-data ink



Data-ink ratio



Cognitive ergonomics



Cognitive ergonomics

Make life easy and 
comfortable for the 
body at work



Cognitive ergonomics

Make life easy and 
comfortable for the 

mind at work

Make life easy and 
comfortable for the 
body at work



Cognitive ergonomics

Reduce mental workload, decision-making, cognition, 
executive functioning, attention management, etc.

Make life easy and 
comfortable for the 

mind at work

Make life easy and 
comfortable for the 
body at work



Parts



Parts to whole



The mortal sin of pie charts



The mortal sin of pie charts



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

More than about 5 categories are unintelligible



Parts to whole



Make a stacked bar



Make a stacked bar



Make a stacked bar



Make a stacked bar



Make a stacked bar





Parts



Parts
to whole



Stack 
again



Use a reference to make your point



Whoever controls the reference 
controls the message.

Dona Wong 



This is time 
using CDISC

Use a reference to make your point



This is time 
using CDISC

Use a reference to make your point

This total is 
the reference



Use a reference to make your point

Difference from 
the reference 

is the key



Graphically 
distinguish 
this value

Use a reference to make your point



No longer 
need these 
labels



No longer 
need these 
labels



Where we are



A pause in honor of white space



“The courage of emptiness”

Andy Kirk

















White space can be used as virtual ink

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
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Supporting text

Stephen Few



Supporting text

Text needed to understand the data, but not the data itself



Text needed to understand the data, but not the data itself

Supporting text



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!

I am less important

Nothing to see here



Notes on original graph



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.



Months

Regularize & de-emphasize supporting text
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0

Current industry average CDISC standards impact

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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When your column labels are slanted….
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… convert to a bar chart for label legibility

Current 
industry 
average

With 
CDISC

Months
14121086420



Add series labels

Current 
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average
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Study startup Study conduct Analysis & reporting



Add series labels

Current 
industry 
average

With 
CDISC

Months
14121086420

Study startup Study conduct Analysis & reporting

Eye skips = 
saccades



Distance between data and its labels:  Too far



Distance between data and its labels:  Closer…



Distance between data and its labels:  Right on top



Distance between data and its labels:  Data is the label



Put labels right on top of series

Current 
industry 
average

With 
CDISC

Months
14121086420

Study 
startup

Study 
conduct

Analysis & 
reporting



Finally, draw attention to the message

Current 
industry 
average

With 
CDISC

Months
14121086420

8 months saved

Study 
startup

Study 
conduct

Analysis & 
reporting



Give the conclusion right in the title

Current 
industry 
average

With 
CDISC

Months
14121086420

8 months saved

CDISC standards save eight months 
of clinical cycle study time

Study 
startup

Study 
conduct

Analysis & 
reporting



Finally, replace notes and logo

Current 
industry 
average

With 
CDISC

Months
14121086420

Study 
startup

Study 
conduct

Analysis & 
reporting

8 months saved

CDISC standards save eight months 
of clinical cycle study time

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





Know your message and design for it



Know your message and design for it



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



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





Editorial norms and standards

Typical constraints on graphs in medical journals

Unfamiliarity

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

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

Fees for color



Editorial norms and standards

Typical constraints on graphs in medical journals

Unfamiliarity

Every principle 
we talked about today 
can be applied under 
these constraints.

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

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

Fees for color



Please feel empowered to drive the field forward



Resources



That said, 
many journals have graphics standards



Graphics editorial series in Nature

Regular editorial 
on graphics 
for 6 years

By Bang Wong

Ended 2016





Default graphs in Excel and PowerPoint



Default graphs in Excel and PowerPoint

DEFAULTS



3. Hans Rosling: 
    “200 Countries, 200 years, 4 minutes”

http://www.youtube.com/watch?v=jbkSRLYSojo

Mind-blowing examples

http://notabilia.net/#/ref

https://www.scientificamerican.com/article/graphic-science-rfids-tags-track-possible-out
break-pathways-in-hospital/?WT.mc_id=SA_printmag_2012-11 

2. Hospital infection pathways

1. Wikipedia editorial decisions



Wikipedia editorial decisions

1. Random user makes a Wikipedia page for a topic.

2. Editor nominates it for deletion.

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

4. Senior editor makes final decision to keep or delete.



https://www.ft.com/content/98ce14ee-99a6-
11e5-95c7-d47aa298f769

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



The mortal sin of 3-D





Colin Ware, 
Information Visualization, Perception for Design

Cost of novelty and innovation

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.youtube.com/watch?feature=player_embedded&v=jbkSRLYSojo 

https://www.scientificamerican.com/article/graphic-science-rfids-tags-track-possible-outbr
eak-pathways-in-hospital/?WT.mc_id=SA_printmag_2012-11

Hospital interactions thingy



How do you like your data?

Chart Table

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.

Written explanation Verbal explanation

Yesterday Today Tomorrow
A 4.3 2.4 2
B 2.5 4.4 2
C 3.5 1.8 3
D 4.5 2.8 5







Storytelling with data



Convert to bar chart for label legibility





https://www.nytimes.com/interactive/2015/02/23/business/economy/the-changing-nature-of-middle-class-jobs.html



Two parallel histories of data visualization
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Two parallel histories of data visualization

Traditional statistics

Psychology

Graphic design

Computer Science

ML statistics

The Visual Display 
of Quantitative 

Information
Tufte, 1983

A Layered 
Grammar of 

Graphics
Wickham, 2010

18th century

20th century

Excel
PowerPoint

R (ggplot)
Python (matplotlib)
D3.js

Tableau
Spotfire

Roots Habits of mind Foundational text Programs

Data is sparse 
and expensive

Theory-driven

Data is cheap 
and abundant

Atheoretic



Two parallel histories of data visualization

18th century

20th century



Visual 
appeal of a 

web page

Visual complexity 
of the web page

Low High
Low

High

Less 
white 
space

More 
white 
space

Is this true 
across cultures?

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?

Visual complexity
Colorfulness

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

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



Supporting text is

already regularized



De-emphasize it



Saccades

Harsh et al., “Seeing” data like an expert: an eye-tracking study using graphical data representations, CBE Life Sci Educ, 2019, 18(3)



Example from a high-profile journal
Proceedings of the National Academy of Sciences

Gelman, Auerbach, Age-aggregation bias in mortality trends, PNAS, 2016 113(7): E816-7

Raw death rates 
for 45-54-year-old 

non-Hispanic whites

But the average age 
in this group is going up!

The trend in raw death rates 
since 2005 can be explained 

by age-aggregation bias



Eye movements 

over a graph

Harsh et al., “Seeing” data like an expert: an eye-tracking study using graphical data representations, CBE Life Sci Educ, 2019, 18(3)

Saccades



Add series labels

Current 
industry 
average

With 
CDISC

Months
14121086420

Study startup Study conduct Analysis & reporting

Saccades



Nascent research considering this question

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



Nascent research considering this question

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

Informative titles required less mental effort, more esthetically pleasing

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



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 I 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


