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Sources

• Tufte,  The  Visual  Display  of  Quantitative  
Information
• Tufte,  Envisioning  Information
• Tufte,  Visual  Explanations
• Wong,  The  WSJ  Guide  to  Information  
Graphics
−Wong  is  a  student  of  Tufte’s

• Few,  Now  you  see  it +  web  site
• Foley
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Graphical  Excellence  is…

• The  presentation  of  interesting  data  is  a  
matter  of  substance,  of  data,  and  of  
design.
− Substance -­ having  a  message
− Data  -­ having  right  data  for  the  message
− Design -­ having  right  design
Or  at  least  a  good  design
“Right  design”  is  somewhat  subjective

• Communication  of  complex  ideas  with  
clarity,  precision  and  efficiency.



CS  4460 4

Graphical  Excellence

• 1.  Tell  the  truth
− Graphical  integrity

• 2.  Do  it  effectively  with  clarity,  precision…
− Design  aesthetics

Let’s  look  at  each  of  these
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1.  Graphical  Integrity

• Your  graphic  should  tell  the  truth  about  
your  data

• Do  NOT lie  
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Example

20022001200019991998

500

475

450

Stock  market  crash?
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Example

20022001200019991998

500

475

450

Stock  market  crash?

This  is    a  
standard  
convention
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Example

20022001200019991998

500

250

0

Show  entire  scale  –
not  at  all  misleading
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Example

20001990198019701960

500

250

0

Show  in  context



Example  – what  is  wrong  here?
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http://sseries.variluxusa.com/TechnicalInformation/Documents/Varilux-­S-­series%204p-­Synch-­FINnb.pdf



Telling  the
Truth?

11
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Chart  Integrity

• Where’s  baseline?
• What’s  scale?
• What’s  context?
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Where  is  Origin;;  Multiple  Scales!



Multiple  Scales
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Where’s  the  Context?

Great  work,  Connecticut!
You  get  a  prize  !

Tufte Vol 1,  p.  74
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Here’s  the  Context!

Oops,  not  so  fast!!

Show  the  context!

Tufte  Vol  1,  p.  74
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Watch  Size  Coding

• Height/width  vs.  area  vs.  volume
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Height  or  Volume?

What  is  encoding  price  per  
barrel?
Height?
Volume?

Tufte Vol 1,  p.  62
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Measuring  Misrepresentation

• Visual  attribute  value  should  be  directly  
proportional  to  data  attribute  value

Size  of  effect  shown  in  graphic
Size  of  effect  in  dataLie  factor  =

If  volume  encodes  price,  then  lie  factor  is  4280/454  =  9.4



Lie  Factor

• Graphical  area  
ratio  ~9.7
• Data  ratio  ~5.3
• Lie  factor  
9.7/5.3  =  1.8
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www.businessinsider.com/chart-­of-­the-­day-­how-­many-­
people-­actually-­buy-­groupons-­2011-­6



Lie  Factor  in  2011  State  of  the  Union
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US  Economy  
~6  x  France
US  Area  
~36  x  
France  Area
Lie  Factor  =  
36/6  =  6  

http://flowingdata.com/category/statistics/mistaken-­data/



Lie  Factor
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Adjust  for  Inflation  and  Population

• Financial  data  can  be  misleading  if  not  
adjusted  for  inflation

• Per-­capita  data  can  show  some  trends  
better  than  totals

• (Not  from  Tufte)
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Adjusted  and  Unadjusted  Data
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Adjusted  and  Unadjusted  Data

25
http://atlas.cid.harvard.edu/explore/stacked/export/usa/all/show/1995.2014.2/?prod_class=hs4&
details_treemap=2&disable_widgets=false&disable_search=false&node_size=none&queryActivat
ed=true&yaxis=current&highlight=



Color-­coded  Maps  Can  Mislead
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2012  Presidential  Election  
with  and  without  
adjustment  for  each  state’s  
Electoral  College  votes

More  red  than  
blue:  Republican  
victory? More  blue  

than  red;;  
Democratic  
victory.

Map

Cartogram



Variation  on  Cartogram  
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http://www.nyti
mes.com/interact
ive/2013/11/20/u
s/which-­states-­
will-­allow-­old-­
health-­policies-­
to-­be-­
renewed.html?ref
=politics



Per-­capita  Data  Often  More  Useful

• Which  data  is  more  useful  for  comparison  
purposes  (made-­up  data):
− Alaska  and  California  both  had  100  violent  
crimes  last  year

− Alaska  had  100  violent  crimes  per  million  
inhabitants  and  Texas  had  10  violent  crimes  
per  million  inhabitants
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Which  Map  Best

• For  count  of  states  of  one  color?
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Different  Aggregations  Tell  Different  Stories

CS  4460 30http://www.motherjones.com/kevin-­drum/2011/05/fun-­charts-­making-­rich-­look-­poor



Summary:  Telling  the  Truth

• Context
• Size  coding  – lie  factor
• Zero  origin
• Inflation  adust on  dollars
• Per-­capita  adjust  – college  degrees  (etc.)  
per  100,000  people
• Size  adjust  on  map  (cartogram)
• Aggregations
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2.  Design  Aesthetics  (Principles)

• Set  of  principles  to  help  guide  designers

• Maximize  data-­ink  ratio
• Content  is  king  (less  is  more)
• Careful  with  3D
• Avoid  “chartjunk”
• Use  multi-­functioning  graphical  elements
• Be  careful  with  color
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Design  Principle:  Data-­Ink  Ratio

• Maximize  data-­ink  ratio

Data  ink  ratio  =
Data  ink

Total  ink  used  in  graphic

=  proportion  of  graphic’s  ink  devoted
to  the  non-­redundant  display  of
data-­information
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Data  – Ink  Ratio  Example

Good Bad

Tufte,  Vol  1,  p.  94
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Data  – Ink  Ratio  Example

Outstanding  – a  lot  of  information!  
Tufte,  Vol  1,  p.  30
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Design  Principle:  Content  is  King

• Content  is  king
− Avoid  separate  legends  and  keys  -­-­ Just  have  
that  information  in  the  graphic
(Follow  the  eyes……)

− Make  grids,  labeling,  etc.,  very  faint  so  that  
they  recede  into  background

− Integrate  text,  chart,  graphic,  map  into  a  
coherent  narrative

− Avoid  fancy  visual  effects



Less  is  More

• http://i.imgur.com/WntrM6p.gif
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Content  is  King:  No Fancy  Visual  Effects
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Courtesy  Microsoft  Excel  L



Before  and  After  Examples
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From  the  web  site  of  Stephen  Few
http://www.perceptualedge.com/examples.php
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Temperatures

How  
would  you  
redesign?



Few’s Redesign

CS  4460 41



CS  4460 42

Computer  Utilization  -­ Before



CS  4460 43

After
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Attitude  Toward  USA  -­ Before
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After
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Market  Share  – How  would  you  redesign?

What’s  
wrong?
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Few’s Redesign

Small  multiples
Clean  graphics
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Survey  Results  – What’s  Wrong?
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After
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Market  Share  by  Country  -­ Before
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After-­ Easier  to  Answer  Questions



End  of  Before  and  After  Examples
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Design  Principle:  Careful  with  3D

• Be  careful  with  3D  (JDF)
• BTW  how  many  variables?
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Example  from  
http://www.perceptualedge.com/blog/?p=978
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Survey  Results  – What’s  Wrong?
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Design  Principle:  No  Chartjunk

• Avoid  chartjunk
− Extraneous  visual  elements  that  detract  from  
message
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Chart  Junk

A  classic

Tufte,  Vol  2,  p.34  
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Chart  Junk

http://www.usatoday.com/news/snapshot.htm



Chart  Junk
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Chart  Junk!!

http://www.businessinsider.com/chart-­over-­and-­undervalued-­markets-­2013-­11



And  Still  More  
Chart  Junk
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Junk  Charts  Blog

http://junkcharts.typepad.com/

Great  place  
to  browse!
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Design  Principle:  Multifunction

• Use  multi-­functioning  graphical  elements
(macro/micro  readings)
− Graphical  elements  that  convey  more  than  
one  piece  of  information

− They  serve  double-­duty



Gapminder:  Multi-­functioning  Elements
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Bubbles  encode:
Income
Life  expectancy
Population
Continent
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Multi-­functioning  graphical  elements

One  volcano  
is  200  feet  
high

One  volcano  
is  13,800  
feet  high

Tufte,  Vol  1,  p  140  

BTW  what  
could  be  

improved  here?

BTW  Multi-­functioning  just  
means  conveying  more  than  one
piece  of  information



Design    Principle:  Careful  with  Color!

• To  differentiate  information  marks  (red  
states,  blue  states)
• To  show  continuous  variation  of  a  value  
(as  in  temperature  range)
• To  call  attention/highlight
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Stephen  Few’s Color  Rules
• Use  color  ONLY to  help  communicate
• Worry  about  color  surround
• Color  contrast  ensures  visibility  of  info
• Use  different  colors  ONLY  for  different  meanings
• Use  soft  colors  for  most  info,  bright  and/or  dark  
colors  to  call  attention
• To  encode  quantitative  variable,  use  single  or  
closely  related  hues
• Use  very  light  colors  (or  gray)  for  non-­data  info
• Remember  the  color  blind
• Do  NOT  use  fancy  visual  effects
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Color  ONLY to  communicate

Of  what  use  is  color  in  this  bar  chart?
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Many  of  the  following   examples  from  Stephen  Few’s web  
pages,  http://www.perceptualedge.com/



Color  Surround
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Color Contrast  for  Visibility
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Hello,  here  is  some  text.    Can  you  read  what  it  says?
Hello,  here  is  some  text.    Can  you  read  what  it  says?
Hello,  here  is  some  text.    Can  you  read  what  it  says?
Hello,  here  is  some  text.    Can  you  read  what  it  says?
Hello,  here  is  some  text.    Can  you  read  what  it  says?
Hello,  here  is  some  text.    Can  you  read  what  it  says?
Hello,  here  is  some  text.    Can  you  read  what  it  says?



Color  Contrast  for  Visibility
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Different  Colors  ONLY for  Diff.  Meanings

Which  is
better?
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Anything  
better  still?



Mostly  Soft  Colors

• Use  mostly  soft  colors,  with  strong  
contrasting  colors  for  emphasis
• Different  shades  of  gray  are  colors  too,  
not  so?
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Single/Related Hues  for  Quatitative Data

• Which  set  of  color  patches  have  a  natural  
ordering?
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Example Use  of  Ordered  Hues
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High  performers  stand  out!



Light  or  Gray Colors  for  Non-­Data

Grid  lines  thin  and  light
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Remember  the  Colorblind

• Test  on  B/W
• Most  common  is  red-­green

− Consider  continuum  red-­blue  instead  of  red-­
green

− Test  yourself  at  http://colorvisiontesting.com/
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Bad  Color  – Why?

Tufte,  Vol  2,  p.  82
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Bad  Color  – Why?

Tufte,  Vol  2,  p.  88



Bad  Color – Why?

CS  4460 79



Bad  Color?  Bloomberg  Financial  Display

• Is  black  
background  
OK?
− Legacy  of  
older  
systems

− 8-­hour  use
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Good  Use  of  Color?
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Do
lla
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Sales  by  Person,  Qupota  vs.  Actual

Quota

Actual  bookings



Good  Use  of  Color?
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Sales  by  Person,  Quota  vs.  Actual

Quota

Actual  bookings

Color swatches too 
small; light colors on 

white background

Where is the top; 
light colors on white 

background



Better  Use  of  Color
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Even  Better  Use  of  Color?
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Horizontal  Bars  Better  with  Long  Labels
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0 100,000 200,000 300,000 400,000 500,000 600,000 700,000

Albright,  Gary

Brown,  Sheryll

Cartwright,  Bonnie

Caruthers,  Michael

Garibaldi,  John

Girard,  Jean

Jones,  Suzanne

Larson,  Terri

LeShan,  George

Levenson,  Bernard

Mulligan,  Robert

Tetracelli,  Sheila

Wotisek,  Gillian

Dollars

Sales  by  Person,  Quota  vs.  Actual

Actual  
bookings

Quota



Design  Principle  Summary

• Maximize data-­ink  ratio
• Content  is  king  (less  is  more)
• Careful  with  3D
• Avoid  “chartjunk”
• Use  multi-­functioning  graphical  elements
• Be  careful  with  color
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The  End

• Go  Forth  and  Design  Great  Visualizations!
−With  Graphical  Integrity
−With  Aesthetic  Excellence

• Apply  these  ideas  to  your  project!
− Review  your  project’s  visualizations  against  
each  of  the  principles
Discuss  with  others
Review  when  meet  with  Tas and  during  work  
sessions
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