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WHY do we create visualizations?
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To convey information through visual representations

Visualiza:on



Design Excellence

“Well-designed presentaIons of interesIng data are a maSer of 
substance, of staIsIcs, and of design.”

E. TuWe
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Tufte, VDQI, 2nd edition, 2001 Tufte, Envisioning Information, 1990 Tufte, Visual explanations, 1997

Edward Tu>e
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• Graphical Integrity
◦ Visual Encoding
◦ Lie Factor
◦ DistorIons

• Design Principles
◦ Avoid Chartjunk
◦ Maximize Data-Ink RaIo
◦ Data Density
◦ TuWe‘s Design Principles
◦ Design Pyramid

• Design Elements
◦ C.R.A.P.
◦ Layering and SeperaIon
◦ TuWe’s Graphical Excellence
◦ Analysis QuesIons

• Further Reading

Outline of Today

Surface area of US coun,es and their associated vo,ng popula,on 
from the 2016 U.S. presiden,al elec,on. Source: Karim Douïeb.

https://observablehq.com/@karimdouieb/try-to-impeach-this-challenge-accepted


Graphical Integrity
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= the way in which data is 
mapped into visual structures

Building blocks:

• Marks

• Channels 

Munzner, Visualiza,on Analysis and Design, 2014, p. 96

Visual Encoding



Lie factor
Photo by Jametlene Reskp on Unsplash

https://unsplash.com/@reskp?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/lying?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Tufte, VDQI

($11,014)$3,594,385 $351,341

$397,747

$521,943

Lie Factor: Missing Scales
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Tufte, VDQI

($11,014)$3,594,385 $351,341

$397,747

$521,943

-$4,200,000Baseline?

Lie Factor: Missing Scales
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Alberto Cairo, HOW CHARTS LIE

If Bush
tax cuts
expire
Top tax rate:

Now Jan. 2013

35% ?
Lie Factor
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Alberto Cairo, HOW CHARTS LIE

Lie Factor

35%

39.6%

34%

36%

38%

40%

Now Jan. 2013

If Bush
tax cuts
expire
Top tax rate:
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Alberto Cairo, HOW CHARTS LIE

35%
39.6%

0%
Now Jan. 2013

If Bush
tax cuts
expire
Top tax rate:

Lie Factor



15

Tufte, VDQI

Lie Factor



• (Size of effect in graphic)/ (size of effect in data)
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Tufte, VDQI

Lie Factor



Tufte, VDQI
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Size of effect 
in graphic

Size of effect 
in data

Lie Factor
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Tufte, VDQI
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Lie Factor



http://www.theoildrum.com/node/4645

20

Lie Factor

http://www.theoildrum.com/node/4645
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From: 
https://twitter.com/h
aschkat/status/14997
54859175854088



22

From: hSps://twiSer.com/haschkat/status/1499754859175854088



Show data varia:on, not design varia:on



Tufte, VDQI
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Design Distor:ons
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Alberto Cairo, HOW CHARTS LIE, 2019

Design Distortions



Based on slide from Stasko
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Scale Distor:ons



Based on slide from Stasko
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Scale Distortions



Based on slide from Stasko
28

Scale Distor:ons



Junk Charts

http://junkcharts.typepad.com/junk_charts/2009/10/a-tale-of-four-charts.html


Business Insider



Rolfe Winkler

http://blogs.reuters.com/rolfe-winkler/2009/08/10/rosenberg-welcome-to-the-era-of-consumer-frugality/


chartingtheeconomy.com



The Big Picture

http://www.ritholtz.com/blog/2009/10/ongoing-credit-contraction/
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Alberto Cairo, HOW CHARTS LIE, 2019

0 °F = -17.8 °C
100 °F = 37.8 °C 
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• The representa:on of numbers, as physically measured on the surface of the 
graph itself, should be directly propor:onal to the numerical quanIIes 
represented.

• Clear, detailed and thorough labelling should be used to defeat graphical 
distorIon and ambiguity. Write out explanaIons of the data on the graph 
itself. Label important events in the data.

• Show data varia:on, not design variaIon

• In Ime-series displays of money, deflated and standardized units of monetary 
measurement are nearly always beSer than nominal units.

• The number of informaIon carrying (variable) dimensions depicted should not 
exceed the number of dimensions in the data

• Graphics must not quote data out of context
Tufte, VDQI

Summary: Graphical Integrity 



Design Principles



Tim Brey: http://www.tbray.org/ongoing/data-ink/di1

Chartjunk: Extraneous visual elements that distract from the message
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Avoid Chartjunk
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Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1
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Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1
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Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1
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Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



42

Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



Bring in the Clowns… 

PTS Blog: hSps://pelIertech.com/bad-bar-chart-pracIces-or-send-in-the-clowns/

World PopulaIon in 2008
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PTS Blog: hSps://pelIertech.com/bad-bar-chart-pracIces-or-send-in-the-clowns/



PTS Blog

World Population in 2008

A better version…
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Any ink on your chart that does not convey data is considered junk (TuWe).

Is chart junk always bad?

How about:
Chart junk is any element of a chart that does not contribute to clarifying 
the intended message.

Stephen Few for more context:
hSp://www.perceptualedge.com/arIcles/visual_business_intelligence/someImes_we_must_raise_our
_voices.pdf

Chartjunk
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• Memorability

• Engagement

• Support cogniIve processes through repeIIon?

Is chartjunk always bad? 



• Data-ink = the ink used to show data
• Data-ink raIo = data-ink / total ink used
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Maximize Data-Ink Ra:o



• Data-ink = the ink used to show data
• Data-ink ratio = data-ink / total ink used
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Maximize Data-Ink Ratio



Before AWer

G. Reynolds, PresentaIon Zen



Before AWer

G. Reynolds, Presentation Zen



Andrew Gelman, Nov. 2009

Junk Charts

http://junkcharts.typepad.com/junk_charts/2009/11/worthy-of-the-times.html


Ho et al., “Thermal Conductivity of the Elements:  A Comprehensive Review” J. Phys. Chem. 1974
56

Data Density



Beer sales

Data Density: Use Decomposi:on



Data Density: Show Context

M. Ericson, NY Times
60



M. Ericson, NY Times



M. Ericson, NY Times



M. Ericson, NY Times
63
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Albania
European
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Compared to the replacement rate: 2.1 children per woman
Note: not all these countries belong to the European Union

Alberto Cairo, HOW CHARTS LIE



Page 70

https://www.google.com/finance/quote/.DJI:INDEXDJX?window=YTD&comparison=INDEXNASDAQ%3A.IXIC%2CKRX%3AKOSPI (Retrieved 8.10.21)

https://www.google.com/finance/quote/.DJI:INDEXDJX?window=YTD&comparison=INDEXNASDAQ%3A.IXIC%2CKRX%3AKOSPI


• Above all else show the data

• Maximize data-ink raIo

• Erase non-data ink

• Erase redundant data ink

• Revise and edit
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Tu>e’s Design Principles



Design Pyramid

FuncIonality

Usability

Aesthetics

effective

efficient

affecIve



• Aesthe:cs

◦ ASracIve things are perceived as more useful than unaSracIve ones

• Style

◦ Communicates brand, process, who the designer is

• Playfulness

◦ Encourages experimentaIon and exploraIon

• Vividness

◦ Can make a visualizaIon more memorable
Pat Hanrahan, Nov 2007
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Subjective Dimensions



Design Elements



CRAP



Contrast

Repe::on

Alignment

Proximity



Contrast
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Before AWer

S. Few, Show me the numbers

Alignment



Repetition
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NYT, retrieved October 2021: hSps://www.nyImes.com/interacIve/2020/04/21/world/coronavirus-missing-deaths.html



TuWe, VDQI 81

Small Multiples
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S. Few, Show me the numbers

Proximity



Tufte, VDQI (Vol. 1) p. 174
85

Layering and Separa:on

http://junkcharts.typepad.com/


86Tufte, VDQI

Layering and Separation



87TuWe, VDQI

Layering and Separa:on



TuWe, EI (Vol. 2) p. 62

Nega:ve Space

http://junkcharts.typepad.com/


NegaIve Space Logos

Negative Space



• Interesting data

◦ Complex ideas, multivariate data

• Clear, precise, concise presentation 

◦ Data-ink ratio

• Accurate communication 

◦ Lie factor
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Tu>e’s Graphical Excellence



• Show the data
• Induce the viewer to think about the substance, rather than about 

methodology, graphic design, [or] the technology of graphic 
producIons...

• Avoid distorIng what the data have to say
• Present many numbers in a small space
• Make large data sets coherent
• Encourage the eye to compare different pieces of data
• Reveal the data at several levels of detail
• Serve a reasonably clear purpose
• Be closely integrated with the staIsIcal and verbal descripIons

Edward TuWe, The Display of QuanItaIve InformaIon, page 1
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Graphical displays should…



• Who is the intended audience?

• What information does this visualization represent?

• How many data dimensions does it encode?

• List several tasks, comparisons or evaluations it enables

• What principles of excellence best describe why it is good / bad?

• Can you suggest any improvements?

• Why do you like / dislike this visualization?

94

Analysis Questions



Further Reading
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Stephen Few



S. Few, Show Me the Numbers, p. 87
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Few is Applied Tufte



Paper
The Science of Visual Data Communication: What Works 

Steven L. Franconeri, Lace M. Padilla, Priti Shah, Jeffrey M. Zacks, and 
Jessica Hullman5

Abstract

Effectively designed data visualizations allow viewers to use their powerful visual systems to understand patterns in data across science, 

education, health, and public policy. But ineffectively designed visualizations can cause confusion, misunderstanding, or even distrust—

especially among viewers with low graphical literacy. We review research- backed guidelines for creating effective and intuitive

visualizations oriented toward communicating data to students, coworkers, and the general public. We describe how the visual system 

can quickly extract broad statistics from a display, whereas poorly designed displays can lead to misperceptions and illusions. Extracting 

global statistics is fast, but comparing between subsets of values is slow. Effective graphics avoid taxing working memory, guide attention, 

and respect familiar conventions. Data visualizations can play a critical role in teaching and communication, provided that designers tailor 

those visualizations to their audience. 
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Robin Williams
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Garr Reynolds
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Alberto Cairo
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From: https://albertocairo.com/

2019


