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TAXONOMY	
  OF	
  VISUAL	
  VARIABLES	
  



Cleveland	
  McGill	
  [1984]	
  Cleveland / McGill, 1984

William S. Cleveland; Robert McGill , “Graphical 
Perception: Theory, Experimentation, and Application to 

the Development of Graphical Methods.” 1984



Cleveland	
  &	
  McGill:	
  graphical	
  encodings	
  

§  Angle	
  
§  Area	
  
§  Color	
  Hue	
  
§  Color	
  Satura/on	
  
§  Density	
  
§  Length	
  
§  Posi/on	
  on	
  a	
  common	
  scale	
  
§  Posi/on	
  on	
  non	
  aligned	
  scale	
  
§  Slope	
  
§  Volume	
  



Angle	
  decoding	
  

A	
  

B	
  

C	
  
D	
  

E	
  

§  It	
  is	
  difficult	
  to	
  compare	
  
angles	
  
§  Underes/ma/on	
  of	
  
acute	
  angles	
  

§  Overes/ma/on	
  of	
  
obtuse	
  angles	
  

§  Easier	
  if	
  bisectors	
  are	
  
aligned	
  

§  Area	
  es/ma/on	
  helps	
  



Angle	
  decoding	
  

A	
  

B	
  

C	
  
D	
  

E	
  

§  It	
  is	
  difficult	
  to	
  compare	
  
angles	
  
§  Underes/ma/on	
  of	
  
acute	
  angles	
  

§  Overes/ma/on	
  of	
  
obtuse	
  angles	
  

§  Easier	
  if	
  bisectors	
  are	
  
aligned	
  



Slopes	
  Decoding	
  

§  Same	
  difficul/es	
  as	
  
angles	
  

§  Easier	
  task	
  since	
  one	
  
branch	
  is	
  aligned	
  with	
  x-­‐
axis	
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Area	
  Decoding	
  

§  Area	
  is	
  not	
  well	
  
decoded	
  
§  Different	
  regular	
  shapes	
  
§  Irregular	
  shapes	
  
§  Context	
  influences	
  (thin	
  
area	
  within	
  compact	
  
thick	
  area)	
  



Length	
  Decoding	
  

§  Straight	
  forward	
  to	
  
endoce	
  numerical	
  
values	
  

§  Difficul/es	
  with	
  rela/ve	
  
lengths	
  

A	
  

B	
  



PosiNon	
  on	
  a	
  common	
  scale	
  

§  Widely	
  used	
  in	
  
sta/s/cal	
  charts	
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PosiNon	
  on	
  non-­‐aligned	
  scale	
  

§  Not	
  as	
  bas	
  as	
  common	
  
scale	
  

§  S/ll	
  acceptable	
  

A	
  

B	
  



Designing	
  EffecNve	
  VisualizaNons	
  

§  If	
  possible,	
  use	
  graphical	
  
encoding	
  that	
  are	
  easily	
  
decoded	
  

§  Graphical	
  A[ributes	
  
ordered(Cleveland	
  &	
  McGill):	
  
§  Posi/on	
  along	
  a	
  common	
  scale	
  
§  Posi/on	
  on	
  non	
  aligned	
  scales	
  
§  Length	
  
§  Angle	
  and	
  Slope	
  
§  Area	
  
§  Volume,	
  density,	
  color	
  

satura/on	
  
§  Color	
  Hue	
  



Most 
Efficien

t

Least 
Efficien

t
C. Mulbrandon

VisualizingEconomics.com
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Ordinal

Nominal



PERCEPTION	
  LAWS	
  



Weber’s	
  Law	
  

§  Just-­‐no/ceable	
  difference	
  between	
  two	
  s/muli	
  is	
  
propor/onal	
  to	
  their	
  magnitudes	
  

§  Case	
  study	
  on	
  length	
  
§  Given	
  two	
  lines	
  with	
  lengths	
  x	
  and	
  x+w	
  
§  If	
  w	
  is	
  small,	
  it	
  is	
  difficult	
  to	
  no/ce	
  difference	
  between	
  
the	
  two	
  lines	
  

§  If	
  w	
  is	
  larger,	
  it	
  is	
  easier	
  to	
  catch	
  the	
  difference	
  
§  How	
  large	
  should	
  w	
  be?	
  

§  The	
  probability	
  of	
  detec/ng	
  the	
  change	
  is	
  
propor/onal	
  to	
  the	
  reltaive	
  value	
  w/x	
  



Weber’s	
  Law	
  

§  Given	
  values	
  (90,	
  92)	
  
§  Detect	
  with	
  probability	
  
of	
  2/90	
  

§  Given	
  values(90,92)	
  
§  Detect	
  with	
  probability	
  
of	
  2/10	
  

A	
  

B	
  

A	
  

B	
  



Stevens’	
  Law	
  

§  Model	
  the	
  rela/on	
  between	
  a	
  s/mulus	
  and	
  its	
  
perceived	
  intensity	
  

§  Given	
  a	
  s/mulus	
  x	
  encoded	
  with	
  a	
  visual	
  a[ribute	
  
§  An	
  observer	
  decode	
  a	
  perceived	
  value	
  p(x)	
  
§  Stevens’	
  law	
  states	
  that	
  

§  p(x)	
  =	
  kxβ	
  
§  where	
  k	
  is	
  constant	
  and	
  
§  β	
  is	
  a	
  constant	
  that	
  depends	
  on	
  the	
  nature	
  of	
  s/mulus	
  

	
  



Stevens’	
  law	
  

•  Be[er	
  effec/veness	
  when	
  
p(x)	
  =	
  kxβ	
  is	
  linear	
  

§  Linearity	
  depends	
  only	
  
on	
  β	
  

§  Different	
  visual	
  
encodings	
  yields	
  typical	
  
ranges	
  for	
  β	
  
§  Lengths:	
   	
  0.9	
  –	
  1.1	
  	
  
§  Area: 	
   	
  0.6	
  –	
  0.9	
  
§  Volume:	
   	
  0.5	
  –	
  0.8	
  

Overs/ma/on	
  

Underes/ma/on	
  



Weber	
  and	
  Stevens’	
  Laws	
  

§  Given	
  two	
  values	
  x1	
  and	
  x2	
  
§  Let	
  the	
  perceived	
  values	
  be	
  p(x1)	
  and	
  p(x2)	
  

p(x1)
p(x2 )

=
x1
x2
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"
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%
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Weber	
  and	
  Stevens’	
  Laws:	
  areas	
  

§  For	
  areas	
  β=0.7	
  
§  Let	
  x1=2	
  and	
  x2=1	
  
§  The	
  perceived	
  
difference	
  will	
  be	
  

§  For	
  areas	
  β=0.7	
  
§  Let	
  x1=0,5	
  and	
  x2=1	
  
§  The	
  perceived	
  
difference	
  will	
  be	
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=
2
1
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Weber	
  and	
  Stevens’	
  Laws:	
  areas	
  vs	
  lengths	
  

§  For	
  areas	
  β=0.7	
  
§  Let	
  x2=x1+w	
  
§  The	
  perceived	
  
difference	
  will	
  be	
  

§  For	
  lengths	
  β=1	
  
§  Let	
  x2=x1+w	
  
§  The	
  perceived	
  
difference	
  will	
  be	
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x
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Takeaway	
  messages	
  

§  Data	
  type	
  for	
  en//es	
  and	
  rela/onships	
  
§  Visual	
  variables	
  for	
  representa/on	
  
§ Mapping	
  of	
  types	
  to	
  VVs	
  
§  Some	
  VVs	
  are	
  more	
  appropriate	
  for	
  specific	
  
data	
  types	
  



Visual	
  AnalyNcs	
  
Dos	
  and	
  Don’ts	
  for	
  visual	
  charts	
  



Crash	
  course	
  on	
  effecNve	
  CharNng	
  

Dona	
  M.	
  Wong	
  
Guide	
  to	
  InformaNon	
  Graphics	
  
The	
  Dos	
  and	
  Don’ts	
  of	
  Presen/ng	
  Data,	
  
Facts,	
  and	
  Figures	
  
W.	
  W.	
  Norton	
  &	
  Company	
  



CharNng	
  Pipeline	
  

Research	
  

• Found	
  
per/nent	
  
and	
  
authora/ve	
  
data	
  

• Integrate	
  
disputable	
  
sources	
  

Edit	
  

• Select	
  your	
  
key	
  message	
  

• Filter,	
  
transform,	
  
and	
  simplify	
  
data	
  to	
  
deliver	
  your	
  
message	
  

Plot	
  

• Choose	
  the	
  
right	
  chart	
  
type	
  

• Choose	
  the	
  
right	
  chart	
  
proper/es	
  

• Use	
  
opportune	
  
labelling	
  

• Add	
  colors	
  (if	
  
needed)	
  

Review	
  

• Look	
  at	
  the	
  
chart	
  from	
  
reader	
  
perspec/ve	
  

• Compare	
  
with	
  
independent	
  
sources	
  



CharNng	
  Examples	
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May	
  these	
  charts	
  be	
  improved?	
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  How?	
  



CharNng	
  Examples	
  

5%	
  
10%	
  

25%	
  
60%	
  

Sales	
  

May	
  these	
  charts	
  be	
  improved?	
  Why?	
  How?	
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25%	
  
60%	
  

Sales	
  



FONTS	
  



Fonts	
  

"Metal	
  type".	
  Licensed	
  under	
  Public	
  Domain	
  via	
  Wikimedia	
  
Commons	
  -­‐	
  h[p://commons.wikimedia.org/wiki/
File:Metal_type.svg#mediaviewer/File:Metal_type.svg	
  

"Typoghaphia"	
  by	
  F	
  l	
  a	
  n	
  k	
  e	
  r	
  (typographic	
  font	
  designed	
  by	
  myself,	
  named	
  
Imperator).	
  Licensed	
  under	
  Public	
  Domain	
  via	
  Wikimedia	
  Commons	
  -­‐	
  h[p://
commons.wikimedia.org/wiki/File:Typoghaphia.svg#mediaviewer/
File:Typoghaphia.svg	
  

Typographic	
  parts	
  of	
  a	
  glyph:	
  	
  
1)	
  x-­‐height;	
  2)	
  ascender	
  line;	
  3)	
  apex;	
  4)	
  
baseline;	
  5)	
  ascender;	
  6)	
  crossbar;	
  7)	
  
stem;	
  8)	
  serif;	
  9)	
  leg;	
  10)	
  bowl;	
  11)	
  
counter;	
  12)	
  collar;	
  13)	
  loop;	
  14)	
  ear;	
  15)	
  
/e;	
  16)	
  horizontal	
  bar;	
  17)	
  arm;	
  18)	
  
ver/cal	
  bar;	
  19)	
  cap	
  height;	
  20)	
  descender	
  
line.	
  
	
  
Font	
  size	
  	
  =	
  (1)	
  +	
  (2)	
  +	
  (20)	
  	
  

	
   	
  =	
  (19)	
  +	
  (20)	
  



Fonts:	
  general	
  rules	
  

§  Leading	
  should	
  be	
  2	
  
points	
  larger	
  then	
  type	
  
size	
  

§  Avoid	
  too	
  small	
  or	
  condensed	
  
type	
  faces	
  

§  Keep	
  style	
  simple:	
  use	
  
bold	
  or	
  italic	
  to	
  
emphasize	
  a	
  word	
  
(be[er	
  not	
  both)	
  

§  Avoid	
  ALL	
  CAPS	
  
§  Avoid	
  styled fonts 
§  Avoid	
  C***C	
  Sans	
  Serif	
  
§  Reduce	
  type	
  at	
  an	
  angle	
  
§  Avoid	
  	
  	
  	
  t	
  r	
  a	
  c	
  k	
  i	
  n	
  g	
  

Fonts	
  are	
  meant	
  to	
  describe,	
  not	
  to	
  adorn	
  



Typography	
  in	
  Charts	
  

Don’t	
  

0	
  
1	
  
2	
  
3	
  
4	
  
5	
  
6	
  
7	
  
8	
  
9	
  

HEADLINE	
  OF	
  THE	
  CHART	
  

Do	
  

0	
  

2	
  

4	
  

6	
  

8	
  

Town	
  A	
   Town	
  B	
   Town	
  C	
   Town	
  D	
  

Headline	
  of	
  the	
  chart	
  

A	
  brief	
  descrip/on	
  that	
  outlines	
  
what	
  the	
  data	
  shows	
  

A	
  brief	
  descrip/on	
  that	
  outlines	
  
what	
  the	
  data	
  shows	
  

Don’t	
  use	
  
bold	
  and	
  
italic	
  

Don’t	
  use	
  all	
  caps	
  or	
  
high	
  contrast	
  white	
  
type	
  out	
  of	
  black	
  

Don’t	
  use	
  
bold	
  for	
  
axis	
  

Don’t	
  use	
  
/lted	
  text	
  



Typography	
  in	
  Charts	
  

Don’t	
   Do	
  

Ti
tle

	
  o
f	
  y

-­‐a
xi
s	
  

Title	
  of	
  x-­‐axis	
  

Headline of the chart 

Title	
  of	
  
y-­‐axis	
  

Title	
  of	
  x-­‐axis	
  

Headline	
  of	
  the	
  chart	
  



Typography	
  in	
  Charts	
  

Name	
   Data	
   Data	
   Data	
  

Company	
  A	
   0.0	
   0.0	
   0.0	
  

Company	
  B	
   0.0	
   0.0	
   0.0	
  

Company	
  C	
   0.0	
   0.0	
   0.0	
  

Company	
  D	
   0.0	
   0.0	
   0.0	
  

Name	
   Data	
   Data	
   Data	
  

Company	
  A	
   0.0	
   0.0	
   0.0	
  

Company	
  B	
   0.0	
   0.0	
   0.0	
  

Company	
  C	
   0.0	
   0.0	
   0.0	
  

Company	
  D	
   0.0	
   0.0	
   0.0	
  

Many	
  elements	
  in	
  
bold.	
  Which	
  part	
  
is	
  highlighted?	
  

Give	
  emphasis	
  to	
  
relevant	
  results	
  



DATA-­‐INK	
  RATIO	
  
	
  

Visual	
  Display	
  of	
  Quan/ta/ve	
  Data	
  
Edward	
  Tuwe,	
  1983	
  



Data-­‐ink	
  RaNo	
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Categoria1	
  
Categoria	
  2	
  

Serie	
  1	
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   Serie	
  3	
   Serie	
  4	
  



Data-­‐ink	
  RaNo	
  

0	
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Categoria1	
   Categoria	
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   Serie	
  4	
  



Bar	
  Charts	
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Town	
  A	
   Town	
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   Town	
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   Town	
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Represent	
  discrete	
  quan//es	
  



Bar	
  Charts	
  

0	
  

2	
  

4	
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Town	
  A	
  
Town	
  B	
  

Town	
  C	
  
Town	
  D	
  

Avoid	
  non-­‐func/onal	
  adorna/on	
  



Bar	
  Charts:	
  baseline	
  

75	
  

80	
  

85	
  

90	
  

95	
  

100	
  

105	
  

A	
   B	
   C	
   D	
  

Chart	
  Title	
  

0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

A	
   B	
   C	
   D	
  

Chart	
  Title	
  



Bar	
  Charts:	
  baseline	
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Bar	
  Charts:	
  ordering	
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Pie	
  Charts	
  

§  Pie	
  Charts	
  compares	
  rela/ve	
  sizes	
  and	
  
contribu/ons	
  



Pie	
  Charts:	
  ordering	
  slices	
  



CharNng	
  Examples	
  

5%	
  
10%	
  

25%	
  
60%	
  

Sales	
  

May	
  these	
  charts	
  be	
  improved?	
  Why?	
  How?	
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25%	
  

Sales	
  



Takeaway	
  Messages	
  

§  Charts	
  exploit	
  posi/on	
  on	
  scale	
  VV	
  
§  Best	
  prac/ce	
  to	
  reduce	
  biases	
  and	
  
misinterpreta/on	
  of	
  charts	
  



VisualizaNon	
  Taxonomy	
  



VisualizaNon	
  Taxonomy	
  



Bars	
  vs.	
  Lines	
  
Bars vs. Lines

Line implies trend. Do not use for categorical data.
Zacks 1999

Line	
  implies	
  trends.	
  Do	
  not	
  use	
  for	
  categorical	
  data	
  



Trend	
  over	
  Nme	
  

"38

WILLIAM PLAYFAIR
1759-1823



Trend	
  over	
  Nme	
  

Yahoo! Finance



Trend	
  over	
  Nme	
  
Trend Histories

New York Times, Porcupine Graphics

Make	
  clear	
  dis/nc/on	
  between	
  data	
  and	
  predic/on	
  



Streamgraphs	
  
Streamgraphs

NYT



Harvard Business Review

June 2010, HBR!
by Jeff Clark



Pie	
  vs	
  Bar	
  charts	
  Pie vs. Bar Charts



Pies	
  vs	
  Bar	
  charts	
  

0	
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Jean	
  

Episodes	
  

Furthermore,	
  we	
  present	
  the	
  distribu/on	
  of	
  a[acks	
  towards	
  
employees	
  in	
  detail	
  in	
  Fig.	
  10	
  right.	
  The	
  blue	
  employees	
  are	
  
secretaries,	
  the	
  green	
  ones	
  are	
  administrators	
  and	
  the	
  red	
  
ones	
  are	
  scien/fic	
  employees.	
  The	
  number	
  following	
  the	
  
name	
  is	
  the	
  number	
  of	
  /mes	
  that	
  person	
  was	
  a[acked.	
  All	
  of	
  
the	
  names	
  are	
  pseudonyms	
  for	
  real	
  people.	
  The	
  person	
  that	
  
suffered	
  the	
  most	
  a[acks	
  is	
  Monja	
  a	
  secretary	
  with	
  overall	
  8	
  
a[acks.	
  In	
  contrast,	
  all	
  other	
  vic/ms	
  suffered	
  between	
  1	
  and	
  3	
  
a[acks.	
  



Pies	
  vs	
  Bar	
  charts	
  (improved)	
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Furthermore,	
  we	
  present	
  the	
  distribu/on	
  of	
  a[acks	
  towards	
  
employees	
  in	
  detail	
  in	
  Fig.	
  10	
  right.	
  The	
  blue	
  employees	
  are	
  
secretaries,	
  the	
  green	
  ones	
  are	
  administrators	
  and	
  the	
  red	
  
ones	
  are	
  scien/fic	
  employees.	
  The	
  number	
  following	
  the	
  
name	
  is	
  the	
  number	
  of	
  /mes	
  that	
  person	
  was	
  a[acked.	
  All	
  of	
  
the	
  names	
  are	
  pseudonyms	
  for	
  real	
  people.	
  The	
  person	
  that	
  
suffered	
  the	
  most	
  a[acks	
  is	
  Monja	
  a	
  secretary	
  with	
  overall	
  8	
  
a[acks.	
  In	
  contrast,	
  all	
  other	
  vic/ms	
  suffered	
  between	
  1	
  and	
  3	
  
a[acks.	
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Density	
  Plot	
   Density Plots



2D	
  Density	
  Plots	
  

2D Density Plots

Heatmap

2D Density Plots
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Box	
  Plots	
  
Box & Whisker Plots

Few, “Show me the Numbers”



Scakerplot	
  
Scatterplots

   http://xkcd.com/388/ 



Clukering,	
  Overplolng	
  
Overplotting

ggplot2
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Overplotting
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A	
  FEW	
  EXAMPLES	
  AND	
  CASE	
  
STUDIES	
  



The	
  Office	
  for	
  Na/onal	
  Sta/s/cs	
  (ONS)	
  said	
  gross	
  domes/c	
  product	
  (GDP)	
  expanded	
  by	
  0.7	
  per	
  cent	
  in	
  the	
  fourth	
  quarter	
  -­‐	
  an	
  
increase	
  from	
  the	
  0.6	
  per	
  cent	
  calculated	
  on	
  the	
  watchdog's	
  first	
  look	
  at	
  the	
  economy	
  	
  
Source:	
  h[p://www.dailymail.co.uk/news/ar/cle-­‐4248690/Economy-­‐grew-­‐0-­‐7-­‐final-­‐three-­‐months-­‐2016.html	
  



Source:	
  Facebook	
  Analy/cs	
  



Source:	
  h[p://weekend.gazeta.pl/weekend/1,152121,20528386,wierza-­‐mocniej-­‐niz-­‐miastowi-­‐za-­‐to-­‐zarabiaja-­‐mniej-­‐i-­‐calym.html	
  



Source:	
  h[ps://lensvid.com/gear/lensvid-­‐exclusive-­‐happened-­‐photography-­‐industry-­‐2016/	
  



VISUALIZATION	
  TAXONOMY	
  

Borkin	
  MA,VoAA,Bylinskii	
  Z,Isola	
  P,Sunkavalli	
  S,OlivaA,Pfister	
  H.	
  
What	
  Makes	
  a	
  Visualiza/on	
  Memorable?	
  
IEEETransac/ons	
  on	
  Visualiza/on	
  and	
  Computer	
  Graphics	
  (InfoVis	
  2013).	
  
	
  
h[p://vcg.seas.harvard.edu/publica/ons/	
  what-­‐makes-­‐visualiza/on-­‐memorable	
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Visual	
  Taxonomy	
  

h[p://www.datavizcatalogue.com/	
  



Takeaway	
  Messages	
  

§  Appropriate	
  chart	
  type	
  for	
  specific	
  data	
  type	
  
and	
  visualiza/on	
  task	
  


