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About	
  
me	
  

Dept.	
  Computer	
  Science,	
  UCT	
  
	
  –  	
  ComputaEonal	
  Science	
  	
  
•  Chemistry	
  
•  	
  Astronomy	
  

–  	
  High	
  Performance	
  CompuEng	
  
–  	
  Visualiza/on	
  
–  	
  SoHware	
  for	
  science	
  

And	
  some	
  painEng…	
  



“Science	
  and	
  art	
  have	
  in	
  common	
  intense	
  seeing,	
  	
  
the	
  wide-­‐eyed	
  observing	
  that	
  generates	
  
empirical	
  informaEon.”	
  

Edward	
  TuHe	
  in	
  Beau:ful	
  Evidence	
  



VisualizaEons	
  for	
  thinking	
  and	
  
interrogaEng	
  

Complex	
  thinking	
  typically	
  requires	
  interacEon	
  
with	
  cogni/ve	
  tools:	
  

•  pencils	
  and	
  paper	
  
•  calculators	
  
•  So6ware	
  
	
  
VisualizaEons	
  	
  
•  graphical	
  representaEon	
  of	
  data/concepts	
  
•  increasingly	
  important	
  for	
  interrogaEng	
  

complex	
  data	
  
–  InteracEve	
  visualizaEons	
  

•  Why	
  are	
  they	
  important	
  and	
  useful?	
  



The	
  aim	
  of	
  VIS	
  

•  VIS	
  allows	
  people	
  to	
  analyze	
  data	
  when	
  they	
  
don’t	
  know	
  exactly	
  in	
  advance	
  which	
  
quesEons	
  they	
  need	
  to	
  ask	
  of	
  the	
  data.	
  

•  VIS	
  leverages	
  the	
  powerful	
  pa8ern	
  detecEon	
  
properEes	
  of	
  the	
  human	
  visual	
  system.	
  



ac#ve	
  vision	
  

•  Almost	
  half	
  our	
  brain	
  is	
  
devoted	
  to	
  vision	
  

•  graphic	
  designs	
  are	
  
powerful	
  cogni/ve	
  tools	
  

–  diagrams,	
  maps,	
  technical	
  illustraEons	
  all	
  help	
  us	
  to	
  
understand	
  and	
  solve	
  problems	
  
–  visual	
  thinking	
  

–  enhances	
  and	
  amplifies	
  our	
  mental	
  abiliEes	
  
– Allows	
  us	
  to	
  surpass	
  the	
  limits	
  of	
  our	
  internal	
  
cogniEon	
  and	
  memory	
  –	
  external	
  memory.	
  

V1	
  -­‐	
  
primary	
  
visual	
  
cortex	
  

Image from: Lyes Bachatene, Vishal Bharmauria and Stéphane Molotchnikoff (2012). Adaptation and Neuronal 
Network in Visual Cortex, Visual Cortex - Current Status and Perspectives,.  

http://www.intechopen.com/books/visual-cortex-current-status-and-perspectives/adaptation-and-neuronal-network-in-visual-cortex 



Eyes	
  are	
  like	
  digital	
  cameras	
  with	
  a	
  range	
  of	
  light-­‐
seeing	
  elements:	
  rods	
  and	
  cones	
  

•  brain	
  pixels	
  vary	
  enormously	
  in	
  size	
  over	
  the	
  
visual	
  field:	
  
–  Eny	
  ones	
  at	
  the	
  centre	
  (fovea)	
  
–  large	
  ones	
  at	
  the	
  periphery	
  

•  at	
  the	
  end	
  of	
  the	
  visual	
  field,	
  vision	
  is	
  terrible	
  
–  can	
  resolve	
  objects	
  about	
  the	
  size	
  of	
  a	
  human	
  head	
  

•  Non-­‐uniformity	
  means	
  that	
  half	
  our	
  brain	
  power	
  
is	
  devoted	
  to	
  viewing	
  less	
  than	
  5%	
  of	
  our	
  visual	
  
world	
  

The	
  process	
  of	
  seeing	
  



The	
  advantages	
  of	
  vision	
  

•  Our	
  visual	
  system	
  processes	
  significant	
  
amounts	
  of	
  visual	
  informaEon	
  in	
  parallel	
  
– Preconscious	
  

•  E.g	
  visual	
  pop-out 
	
  

– Sound	
  does	
  not	
  work	
  like	
  this	
  –	
  sequenEal	
  
 



VisualizaEons	
  

Good	
  data	
  visualizaEons	
  allow	
  huge	
  quanEEes	
  
of	
  informaEon	
  to	
  be	
  processed	
  rapidly.	
  

A	
  good	
  visualizaEon	
  allows	
  us	
  to	
  represent,	
  and	
  
therefore	
  grasp,	
  an	
  enEre	
  process	
  or	
  system	
  –	
  
we	
  can	
  focus	
  on	
  a	
  component	
  while	
  sEll	
  
having	
  access	
  to	
  the	
  global	
  view.	
  

	
  
What	
  is	
  a	
  “good	
  visualizaEon”?	
  



VisualizaEons	
  



Famous	
  visualizaEon:	
  Minard's	
  Map	
  of	
  
Napoleon's	
  march	
  to	
  Moscow	
  

* Image and text  from Graphics Press, http://www.edwardtufte.com/tufte/posters 

Created	
  in	
  1861.	
  	
  Described	
  by	
  E.	
  TuHe*	
  as	
  “Probably	
  the	
  best	
  sta:s:cal	
  graphic	
  ever	
  drawn,	
  this	
  map	
  by	
  Charles	
  
Joseph	
  Minard	
  portrays	
  the	
  losses	
  suffered	
  by	
  Napoleon's	
  army	
  in	
  the	
  Russian	
  campaign	
  of	
  1812.	
  Beginning	
  at	
  the	
  
Polish-­‐Russian	
  border,	
  the	
  thick	
  band	
  shows	
  the	
  size	
  of	
  the	
  army	
  at	
  each	
  posi:on.	
  The	
  path	
  of	
  Napoleon's	
  retreat	
  from	
  
Moscow	
  in	
  the	
  biQerly	
  cold	
  winter	
  is	
  depicted	
  by	
  the	
  dark	
  lower	
  band,	
  which	
  is	
  :ed	
  to	
  temperature	
  and	
  :me	
  scales.	
  “	
  	
  



Maps	
  and	
  Charts	
  

Cartographers	
  have	
  hundreds	
  of	
  years	
  of	
  experience	
  in	
  
arEculaEng	
  the	
  difference	
  between	
  the	
  abstracEon	
  of	
  a	
  
map	
  and	
  the	
  terrain	
  it	
  represents.	
  



How	
  do	
  we	
  design	
  good	
  
visualizaEons?	
  

Goal:	
  support	
  user	
  tasks	
  
	
  
Focus	
  is	
  on:	
  
	
  effectiveness
	
  correctness!
	
  accuracy
 truth 

What	
  does	
  
good	
  mean	
  

in	
  this	
  
context?	
  



Most	
  designs	
  are	
  ineffecEve	
  

•  Design	
  goal	
  to	
  SATISFY	
  not	
  OPTIMIZE	
  
•  Need	
  to	
  explicitly	
  generate	
  mulEple	
  designs	
  in	
  
parallel	
  
– Explore	
  “soluEon	
  space”	
  



Four	
  levels	
  of	
  design	
  

Table	
  from	
  “VisualizaEon	
  Analysis	
  and	
  Design”	
  by	
  Tamara	
  Munzner	
  

Domain:	
  a	
  parEcular	
  field	
  of	
  interest	
  for	
  
the	
  target	
  users	
  of	
  a	
  vis	
  tool	
  

e.g.	
  browsing/comparing/
analyzing	
  –	
  visual	
  queries	
  

Primary	
  concerns	
  are	
  human	
  perceptual	
  issues	
  

Primary	
  concern	
  is	
  computaEonal	
  issues	
  



Data	
  

	
  
Key	
  differenEal	
  is	
  spa/al	
  versus	
  abstract	
  (non-­‐
spaEal)	
  data.	
  
Historically	
  this	
  splits	
  the	
  two	
  areas	
  of	
  VIS	
  :	
  
– ScienEfic	
  visualizaEon	
  
–  InformaEon	
  visualizaEon	
  



Characterizing	
  	
  
Data	
  
	
  
	
  
	
  

Table	
  from	
  “VisualizaEon	
  
Analysis	
  and	
  Design”	
  by	
  

Tamara	
  Munzner	
  



Percep/on	
  and	
  visual	
  a8enEon	
  

Our	
  minds	
  don’t	
  work	
  as	
  well	
  as	
  we	
  think	
  they	
  
do….	
  

..at	
  any	
  given	
  instant,	
  we	
  apprehend	
  only	
  a	
  Eny	
  
fracEon	
  of	
  the	
  informaEon	
  stored	
  in	
  our	
  
surroundings.	
  
– “The	
  world	
  is	
  its	
  own	
  memory.”	
  

We	
  are	
  not	
  immediately	
  conscious	
  of	
  the	
  world:	
  	
  
•  conscious	
  of	
  the	
  “field	
  of	
  informaEon”	
  to	
  
which	
  we	
  have	
  “rapid	
  access”.	
  



The	
  monkey	
  business	
  illusion	
  	
  
by	
  Christopher	
  Chabris	
  and	
  Daniel	
  Simons	
  



The	
  act	
  of	
  percepEon	
  

•  percepEon	
  is	
  driven	
  by	
  2	
  processes:	
  
– boCom-­‐up:	
  
– driven	
  by	
  external	
  sEmulus	
  
reEnal	
  image	
  -­‐>	
  features	
  -­‐>	
  pa8erns	
  -­‐>	
  objects	
  
	
  
We	
  detect	
  moEon,	
  edges	
  of	
  shapes,	
  colours,	
  
contours,	
  contrasts	
  through	
  bo8om-­‐up	
  processes	
  
without	
  conscious	
  awareness	
  

	
  



The	
  act	
  of	
  percepEon	
  

top-­‐down	
  or	
  a8enEon	
  
•  driven	
  by	
  need	
  to	
  accomplish	
  some	
  goal,	
  prior	
  
knowledge,	
  expectaEons	
  
–  biased	
  in	
  favour	
  of	
  signals	
  we	
  are	
  looking	
  for	
  

•  only	
  get	
  informaEon	
  we	
  need	
  when	
  we	
  need	
  it	
  
–  sequence	
  of	
  rapid	
  eye	
  movements	
  to	
  locate	
  important	
  objects	
  

•  Brain	
  funcEons	
  as	
  a	
  kind	
  of	
  distributed	
  
processor	
  



FacilitaEng	
  visual	
  queries	
  

•  Visual	
  a8enEon	
  works	
  like	
  a	
  spotlight	
  
•  In	
  a	
  graphic	
  or	
  interface,	
  you	
  want	
  to	
  ensure	
  
that	
  all	
  visual	
  queries	
  can	
  be	
  rapidly	
  and	
  
effecEvely	
  served	
  

•  How	
  do	
  we	
  design	
  graphical	
  symbols	
  that	
  can	
  
be	
  rapidly	
  located?	
  

•  The	
  most	
  important	
  and	
  frequent	
  queries	
  
should	
  be	
  supported	
  by	
  the	
  most	
  visually 
distinct objects 



How	
  humans	
  do	
  low-­‐level	
  feature	
  
analysis	
  

•  Early	
  stages	
  of	
  visual	
  
processing	
  occur	
  in	
  the	
  
primary	
  visual	
  cortex:	
  
–  V1	
  :	
  general	
  scanning	
  
–  V2	
  :	
  stereo	
  vision	
  
–  V3	
  :	
  depth	
  and	
  distance	
  
–  V4	
  :	
  colour	
  
–  V5	
  (or	
  MT)	
  :	
  moEon	
  
–  V6	
  :	
  objecEve	
  posiEon	
  of	
  

object	
  
•  “Where?”	
  path:	
  locaEon	
  of	
  

objects	
  	
  
–  V1-­‐V2-­‐V3-­‐V5-­‐V6	
  

•  “What?”	
  path:	
  	
  
idenEficaEon	
  of	
  objects	
  
–  V1-­‐V2-­‐V4	
  

very	
  nice	
  
book	
  
on	
  
the	
  

brain	
  	
  
-­‐>	
  

Image from: Lyes Bachatene, Vishal Bharmauria and Stéphane Molotchnikoff (2012). Adaptation and Neuronal 
Network in Visual Cortex, Visual Cortex - Current Status and Perspectives, Prof. Stephane Molotchnikoff (Ed.),  



How	
  to	
  find	
  what	
  you	
  are	
  looking	
  for:	
  
biased	
  compeEEon	
  

•  If	
  you	
  are	
  looking	
  for	
  a	
  parEcular	
  colour/
orientaEon/size	
  of	
  an	
  object,	
  the	
  visual	
  
system	
  highlights	
  these	
  
– e.g.	
  if	
  picking	
  strawberries,	
  all	
  red	
  sensiEve	
  cells	
  
will	
  “shout	
  louder”	
  

•  some	
  things	
  	
  
much	
  more	
  easily	
  than	
  others	
  



Pop-out
•  Also	
  called	
  preaCen/ve	
  processing	
  	
  or	
  	
  
tunable	
  detec/on.	
  

•  The	
  Eme	
  to	
  spot	
  an	
  object	
  with	
  pop-­‐out	
  
does	
  not	
  depend	
  on	
  the	
  number	
  of	
  distractor	
  
objects.	
  



What	
  makes	
  objects	
  pop	
  out?	
  
•  Some	
  kinds	
  of	
  shapes	
  have	
  properEes	
  to	
  
which	
  our	
  eye-­‐movement	
  programming	
  
system	
  is	
  sensiEve	
  –	
  they	
  pop	
  out	
  
– can	
  be	
  seen	
  in	
  a	
  single	
  eye	
  movement:	
  at-­‐a-­‐glance	
  
– processing	
  takes	
  less	
  than	
  a	
  tenth	
  of	
  a	
  second	
  
•  compare	
  with	
  1-­‐5	
  seconds	
  for	
  a	
  search	
  

•  easiest	
  when	
  single	
  object	
  differs	
  in	
  one	
  
feature	
  from	
  all	
  the	
  objects	
  around	
  it	
  
–  to	
  do	
  with	
  degree	
  of	
  contrast	
  to	
  the	
  environment	
  
of	
  the	
  object	
  



What	
  makes	
  objects	
  pop	
  out?	
  

•  Simplest	
  feature	
  channels	
  that	
  lead	
  to	
  pop	
  out:	
  
	
  

These	
  map	
  to	
  
the	
  basic	
  

areas	
  of	
  the	
  	
  
visual	
  cortex	
  

–  V1	
  :	
  general	
  
scanning	
  

–  V2	
  :	
  stereo	
  
vision	
  

–  V3	
  :	
  depth	
  and	
  
distance	
  

–  V4	
  :	
  colour	
  
–  V5	
  (or	
  MT)	
  :	
  

moEon	
  
–  V6	
  :	
  objecEve	
  

posiEon	
  of	
  
object	
  

orientaE
on	
  

	
  
colour	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  

	
  size	
  
moEon	
  	
  
stereoscopic	
  depth	
  

•  Low-­‐level	
  visual	
  system	
  does	
  massive	
  parallel	
  
processing	
  on	
  these	
  visual	
  channels	
  
	
  



What	
  stands	
  out:	
  colour	
  



What	
  stands	
  out:	
  shape	
  



What	
  stands	
  out:	
  size	
  



Lessons	
  for	
  design	
  

•  If	
  you	
  want	
  to	
  make	
  something	
  easy	
  to	
  find,	
  
make	
  it	
  different	
  from	
  its	
  surroundings	
  
according	
  to	
  some	
  primary	
  visual	
  channel	
  –	
  
size,	
  colour	
  etc.	
  

•  A	
  design	
  to	
  support	
  two	
  different	
  kinds	
  of	
  
visual	
  query	
  will	
  be	
  most	
  effecEve	
  if	
  each	
  
query	
  uses	
  a	
  different	
  channel	
  



(a)  Bar	
  charts	
  encode	
  two	
  a8ributes	
  using	
  a	
  line	
  mark	
  with	
  
the	
  verEcal	
  spaEal	
  posiEon	
  channel	
  for	
  the	
  quanEtaEve	
  
a8ribute,	
  and	
  the	
  horizontal	
  spaEal	
  posiEon	
  channel	
  for	
  
the	
  categorical	
  a8ribute.	
  

(b)  	
  Sca8erplots	
  encode	
  two	
  quanEtaEve	
  a8ributes	
  using	
  
point	
  marks	
  and	
  both	
  verEcal	
  and	
  horizontal	
  spaEal	
  
posiEon.	
  

(c)  	
  A	
  third	
  categorical	
  a8ribute	
  is	
  encoded	
  by	
  adding	
  color	
  to	
  
the	
  sca8erplot.	
  

(d)  	
  Adding	
  the	
  visual	
  channel	
  of	
  size	
  encodes	
  a	
  fourth	
  
quanEtaEve	
  a8ribute	
  as	
  well.	
  

Image	
  from	
  Muzner.	
  



The	
  Use	
  of	
  channels	
  

•  Expressiveness	
  principle	
  
–  The	
  channel	
  should	
  express	
  all	
  of,	
  and	
  only,	
  the	
  
informaEon	
  in	
  the	
  data	
  set	
  a8ributes	
  
•  E.g.	
  don’t	
  imply	
  an	
  ordering	
  f	
  it	
  does	
  not	
  exist	
  

•  Efficacy	
  principle	
  
–  The	
  most	
  important	
  a8ributes	
  should	
  be	
  encoded	
  
with	
  the	
  most	
  effecEve	
  channels	
  and	
  vice	
  versa.	
  

–  For	
  example,	
  the	
  choice	
  of	
  which	
  a8ributes	
  to	
  encode	
  
with	
  posi/on	
  is	
  central	
  -­‐	
  will	
  dominate	
  user’s	
  mental	
  
model	
  compared	
  with	
  any	
  other	
  channel.	
  



Marks	
  and	
  channels	
  

Muzner	
  ranking	
  of	
  channel	
  
efficacy.	
  	
  

Image	
  from	
  Muzner.	
  



Channel	
  
efficacy:	
  
accuracy	
  

•  We	
  perceive	
  different	
  
visual	
  channel	
  with	
  
different	
  levels	
  of	
  
accuracy.	
  

•  Stevens*	
  showed	
  that	
  
some	
  sensaEons	
  are	
  
perceptually	
  magnified	
  
compared	
  with	
  their	
  
objecEve	
  intensity	
  (when	
  
n	
  >	
  1)	
  and	
  some	
  
compressed	
  (when	
  n	
  <	
  1).	
  	
  

•  Length	
  percepEon	
  is	
  
completely	
  accurate,	
  
whereas	
  area	
  is	
  
compressed	
  and	
  
saturaEon	
  is	
  magnified.	
  

*S.	
  S.	
  Stevens.	
  Psychophysics:	
  IntroducEon	
  to	
  Its	
  Perceptual,	
  Neural,	
  and	
  Social	
  Prospects.	
  Wiley,	
  1975	
  



Channel	
  efficacy:	
  discriminability	
  

•  Some	
  channels	
  have	
  a	
  limited	
  number	
  of	
  
“bins”	
  (a	
  disEnguishable	
  step	
  or	
  level	
  within	
  
the	
  visual	
  channel).	
  
– e.g.	
  colours.	
  



Channel	
  efficacy:	
  separability	
  
Some	
  channels	
  depend	
  on,	
  or	
  interact	
  with,	
  each	
  
other.	
  
•  Separable	
  channels	
  –	
  e.g.	
  posiEon	
  and	
  hue	
  
•  Integral	
  channels	
  –	
  size	
  and	
  colour	
  (not	
  fully	
  
separable)	
  

Size	
  interacts	
  with	
  many	
  channels,	
  including	
  shape.	
  
	
  

Image	
  from	
  Muzner.	
  



Channel	
  efficacy:	
  pop-­‐out	
  

Pop-­‐out	
  versus	
  serial	
  search	
  –	
  
In	
  general,	
  pop-­‐out	
  is	
  only	
  possible	
  for	
  a	
  single	
  
channel	
  at	
  a	
  Eme.	
  
	
  



Channel	
  efficacy:	
  grouping	
  

•  Containment	
  is	
  the	
  strongest	
  cue,	
  
•  	
  connecEon	
  the	
  second,	
  then	
  proximity.	
  
•  Then	
  similarity	
  -­‐	
  can	
  also	
  show	
  grouping	
  with	
  
idenEty	
  channels.	
  



Channel	
  efficacy:	
  RelaEve	
  versus	
  
absolute	
  judgements	
  

•  Human	
  perceptual	
  system	
  is	
  based	
  on	
  relaEve	
  
judgements,	
  not	
  absolute	
  ones.	
  
– E.g.	
  the	
  length	
  difference	
  we	
  can	
  perceive	
  is	
  a	
  
percentage	
  of	
  the	
  object’s	
  length	
  

– Colour	
  is	
  affected	
  by	
  the	
  background	
  



Colour	
  appearance	
  

•  The	
  checkerboard	
  illusion	
  of	
  Edward	
  Adelson.	
  

The	
  squares	
  
marked	
  A	
  and	
  
B	
  are	
  the	
  same	
  
shade	
  of	
  gray.	
  
	
  



Colour	
  appearance	
  

•  The	
  checkerboard	
  illusion	
  of	
  Edward	
  Adelson.	
  

The	
  squares	
  
marked	
  A	
  and	
  
B	
  are	
  the	
  same	
  
shade	
  of	
  gray.	
  
	
  



Colour	
  appearance	
  

•  The	
  cube	
  illusion	
  of	
  R.	
  Beau	
  Lo8o.	
  C.	
   The	
  orange	
  
and	
  brown	
  
squares	
  are	
  
actually	
  the	
  
same	
  colour!	
  
We	
  see	
  the	
  
same	
  image	
  
colour	
  as	
  being	
  
dark	
  brown	
  in	
  
the	
  context	
  of	
  
strong	
  lighEng,	
  
and	
  light	
  
orange	
  where	
  
the	
  same	
  
image	
  colour	
  
appears	
  in	
  a	
  
deeply	
  shaded	
  
context.	
  
	
  



Colour	
  appearance	
  

•  The	
  cross-­‐piece	
  illusion	
  of	
  R	
  .	
  Beau	
  Lo8o	
  	
  	
  
The	
  colour	
  at	
  the	
  
intersecEon	
  of	
  the	
  two	
  
rods	
  is	
  actually	
  an	
  idenEcal	
  
colour	
  (grey)	
  in	
  both	
  
cases,	
  but	
  in	
  the	
  context	
  
of	
  apparently	
  yellow	
  
illuminaEon	
  on	
  the	
  leH	
  
and	
  blue	
  illuminaEon	
  on	
  
the	
  right,	
  this	
  is	
  judged,	
  
and	
  seen,	
  to	
  be	
  the	
  
reflectance	
  of	
  a	
  blue-­‐grey	
  
object	
  and	
  a	
  yellow	
  object	
  
respecEvely.	
  



Colour	
  appearance	
  

•  The	
  cross-­‐piece	
  illusion	
  of	
  R	
  .	
  Beau	
  Lo8o	
  	
  	
  
The	
  colour	
  at	
  the	
  
intersecEon	
  of	
  the	
  two	
  
rods	
  is	
  actually	
  an	
  idenEcal	
  
colour	
  (grey)	
  in	
  both	
  
cases,	
  but	
  in	
  the	
  context	
  
of	
  apparently	
  yellow	
  
illuminaEon	
  on	
  the	
  leH	
  
and	
  blue	
  illuminaEon	
  on	
  
the	
  right,	
  this	
  is	
  judged,	
  
and	
  seen,	
  to	
  be	
  the	
  
reflectance	
  of	
  a	
  blue-­‐grey	
  
object	
  and	
  a	
  yellow	
  object	
  
respecEvely.	
  



PracEcal	
  Rules	
  of	
  Thumb	
  
(HeurisEcs)	
  



NO	
  unjusEfied	
  3D!	
  

•  3D	
  easy	
  to	
  jusEfy	
  for	
  
inherently	
  3D	
  structures.	
  

•  But	
  not	
  necessarily	
  be8er	
  
than	
  2D	
  otherwise.	
  



3D	
  visualizaEon	
  



No	
  unjusEfied	
  2D!	
  

•  1D	
  lists	
  have	
  several	
  strengths	
  
– Density	
  of	
  informaEon	
  
– Excellent	
  for	
  lookup	
  tables	
  

– 2D	
  good	
  for	
  relaEonships	
  and	
  topological	
  
structure.	
  



Bad	
  chart	
  examples:	
  pie	
  charts	
  

Pie	
  charts	
  require	
  angle	
  and	
  area	
  judgments	
  
•  We	
  find	
  area	
  harder	
  to	
  judge	
  than	
  angle.	
  
•  Showing	
  part-­‐of-­‐a-­‐whole	
  is	
  equally	
  well	
  done	
  by	
  
other	
  means	
  
– E.g.	
  stacked	
  bar	
  chart.	
  

•  Pie	
  charts	
  require	
  more	
  screen	
  area.	
  



Bad	
  chart	
  examples:	
  pie	
  charts	
  
A	
  table	
  is	
  nearly	
  always	
  beQer	
  
than	
  a	
  dumb	
  pie	
  chart;	
  the	
  	
  
only	
  worse	
  design	
  than	
  a	
  
pie	
  chart	
  is	
  several	
  of	
  them,	
  
for	
  then	
  the	
  viewer	
  is	
  asked	
  
to	
  compare	
  quan::es	
  
located	
  in	
  	
  	
  spa:al	
  disarray	
  
both	
  within	
  and	
  between	
  
charts	
  [...]	
  Given	
  	
  	
  their	
  low	
  
density	
  and	
  failure	
  to	
  order	
  
numbers	
  along	
  a	
  visual	
  
dimension,	
  pie	
  charts	
  
should	
  never	
  be	
  used.	
  

Edward	
  TuHe	
  gives	
  the	
  pie	
  chart	
  a	
  succinct	
  and	
  
decisive	
  treatment	
  in	
  "The	
  Visual	
  Display	
  of	
  
QuanEtaEve	
  InformaEon":	
  	
  



And	
  worse	
  –	
  3D	
  pie	
  charts	
  

•  3D	
  pie	
  charts	
  are	
  even	
  worse	
  –	
  distort	
  angles	
  
and	
  areas.	
  

	
  
	
  
h8p://pelEertech.com/extra-­‐
distorEon-­‐in-­‐a-­‐pie-­‐chart/	
  



Do	
  You	
  Say	
  Coke,	
  Soda	
  or	
  Pop?	
  

h8p://www.tableau.com/blog/do-­‐you-­‐say-­‐coke-­‐soda-­‐or-­‐pop-­‐map-­‐visualizaEon-­‐
shows-­‐your-­‐likely-­‐answer	
  



Eyes	
  beat	
  memory	
  
•  Switching	
  between/comparing	
  2	
  views	
  has	
  a	
  very	
  
low	
  cogniEve	
  load.	
  
–  Small	
  overview	
  window	
  is	
  very	
  effecEve.	
  

•  We	
  have	
  very	
  limited	
  memory	
  and	
  a8enEon.	
  
•  AnimaEon:	
  
–  Jumping	
  between	
  2	
  scenes	
  can	
  be	
  very	
  effecEve	
  –	
  
blink	
  comparator	
  idiom	
  

– However,	
  mulEframe	
  animaEons	
  are	
  difficult	
  to	
  keep	
  
track	
  of	
  
•  Having	
  all	
  frames	
  can	
  be	
  more	
  effecEve	
  than	
  animaEon	
  (but	
  
obviously	
  limit	
  to	
  number).	
  



Trump’s	
  America	
  



Clinton’s	
  America	
  



Overview	
  first,	
  zoom	
  and	
  filter,	
  details	
  
on	
  demand	
  

•  Schneiderman’s	
  mantra*	
  
•  May	
  need	
  filtering/aggregaEon	
  for	
  overview	
  

Ben	
  Shneiderman.	
  “The	
  Eyes	
  Have	
  It:	
  A	
  Task	
  by	
  Data	
  Type	
  Taxonomy	
  for	
  InformaEon	
  VisualizaEons.”	
  
In	
  Proceedings	
  of	
  the	
  IEEE	
  Conference	
  on	
  Visual	
  Languages,	
  pp.	
  336–343.	
  IEEE	
  Computer	
  Society,	
  
1996.	
  	
  



Get	
  it	
  right	
  in	
  black	
  and	
  white	
  

•  the	
  most	
  crucial	
  aspects	
  of	
  visual	
  
representaEon	
  must	
  be	
  legible	
  even	
  if	
  the	
  
image	
  is	
  transformed	
  from	
  full	
  colour	
  to	
  black	
  
and	
  white.	
  



Colour	
  -­‐	
  Principles	
  for	
  design	
  	
  

1.  When	
  small	
  detail	
  is	
  important,	
  luminance	
  
contrast	
  is	
  necessary:	
  
–  black	
  on	
  white	
  	
  
–  dark	
  blue	
  on	
  white	
  
–  	
  	
  

When text is 
small, it is 
essential that there 
is luminance 
contrast with the 
background 
colour.  Notice 
how the text is 
hardest to read 
where the contrast 
is lowest.

yellow	
  on	
  black	
  
ISO	
  
recommends	
  a	
  
luminance	
  raEo	
  
of	
  at	
  least	
  3:1	
  
between	
  text	
  
and	
  background	
  



2.	
  Colour-­‐coding	
  informaEon	
  

•  The	
  most	
  important	
  use	
  of	
  colour	
  is	
  to	
  indicate	
  
categories	
  of	
  informaEon	
  

•  When	
  designing	
  colour	
  codes	
  need	
  to	
  be	
  
concerned	
  with:	
  
–  visual	
  dis/nctness,	
  to	
  support	
  visual	
  search	
  queries	
  
–  learnability,	
  so	
  colours	
  come	
  to	
  stand	
  for	
  parEcular	
  
enEEes	
  
•  for	
  learnability,	
  it	
  is	
  important	
  that	
  unique	
  hues	
  are	
  used	
  
first	
  –	
  red,	
  green,	
  yellow,	
  blue,	
  -­‐	
  followed	
  by	
  colours	
  that	
  
have	
  relaEvely	
  consistent	
  names:	
  pink,	
  brown,	
  orange,	
  grey	
  
and	
  purple	
  



Colour	
  names	
  

What	
  colour	
  is	
  this?	
  



Colour	
  names	
  

What	
  colours	
  are	
  these?	
  	
  
•  teal	
  
•  mauve	
  
•  khaki	
  
•  puce	
  
•  Ochre	
  
•  terraco8a	
  



2.	
  Colour-­‐coding	
  informaEon	
  

•  If	
  a	
  design	
  is	
  complex	
  and	
  symbols	
  are	
  quite	
  
small,	
  no	
  more	
  than	
  a	
  dozen	
  codes	
  can	
  be	
  used	
  
reliably	
  
–  backgrounds	
  can	
  distort	
  a	
  patch	
  of	
  colour	
  
–  ease	
  of	
  a	
  visual	
  search	
  depends	
  both	
  on	
  the	
  colour	
  
and	
  on	
  the	
  background	
  colour	
  

–  small	
  areas	
  should	
  be	
  strongly	
  coloured	
  and	
  have	
  
black-­‐white	
  channel	
  differences	
  from	
  large	
  areas	
  to	
  be	
  
disEnct	
  

–  large	
  areas	
  can	
  have	
  more	
  subdued	
  colours	
  
•  use	
  low	
  saturaEon	
  colours	
  for	
  large	
  areas	
  



FuncEon,	
  then	
  form	
  

•  The	
  best	
  vis	
  designs	
  should	
  be	
  both	
  beauEful	
  
and	
  effecEve.	
  	
  
– But	
  effecEve	
  is	
  key,	
  
– BeauEful	
  is	
  nice.	
  



The	
  Theory	
  of	
  Data	
  Graphics	
  

•  Data	
  graphics	
  should	
  draw	
  the	
  viewer’s	
  a8enEon	
  
to	
  the	
  sense	
  and	
  substance	
  of	
  the	
  data,	
  	
  
–  not	
  to	
  methodology,	
  graphic design,	
  something	
  else	
  
The	
  main	
  purpose	
  of	
  a	
  visualizaEon	
  isn’t	
  entertainment	
  
—	
  it’s	
  effecEve	
  communicaEon.	
  	
  

A	
  visualizaEon	
  should	
  represent	
  data	
  in	
  a	
  way	
  that	
  
makes	
  informaEon	
  assimilaEon	
  and	
  comprehension	
  
simple.	
  

“There	
  are	
  right	
  ways	
  and	
  wrong	
  ways	
  to	
  show	
  
data;	
  there	
  are	
  displays	
  that	
  reveal	
  the	
  truth	
  
and	
  displays	
  that	
  do	
  not.”	
  [E.	
  R.	
  TuHe]	
  



Graphical	
  
Ducks	
  

“It	
  is	
  all	
  right	
  to	
  
decorate	
  
construcEon,	
  
but	
  never	
  to	
  
construct	
  
decoraEon”	
  



A	
  Turkey	
  or	
  a	
  Duck?	
  

From	
  The	
  Economist,	
  Nov	
  26th	
  2009	
  Web	
  only	
  	
  





VisualizaEon	
  

•  visualizaEon:	
  graphical	
  representaEon	
  of	
  some	
  
data	
  or	
  concepts	
  
–  tools	
  for	
  visual	
  thinking	
  

“Evidence	
  presentaEons	
  should	
  be	
  created	
  in	
  
accord	
  with	
  the	
  common	
  analy/cal	
  tasks	
  at	
  
hand,	
  which	
  usually	
  involve	
  understanding	
  
causality,	
  making	
  mul/variate	
  comparisons,	
  
examining	
  relevant	
  evidence,	
  and	
  assessing	
  the	
  
credibility	
  of	
  evidence	
  and	
  conclusions.”	
  

Edward	
  TuHe	
  in	
  Beau:ful	
  Evidence	
  [own	
  emphasis]	
  













(very)	
  InteracEve	
  
visualizaEons	
  

h8p://www.onezoom.org	
  



















Recommended	
  Reading	
  
•  Visual	
  Thinking	
  for	
  Design	
  by	
  Colin	
  Ware	
  	
  
•  Visualiza#on	
  Analysis	
  &	
  Design	
  	
  by	
  Tamara	
  Munzner	
  	
  

(available	
  for	
  use	
  digitally	
  at	
  UCT	
  from	
  Ebsco	
  books)	
  
•  Informa#on	
  visualiza#on:	
  percep#on	
  for	
  design	
  by	
  Colin	
  

Ware	
  	
  
•  The	
  Visual	
  Display	
  of	
  Quan#ta#ve	
  Informa#on.	
  by	
  Edward	
  

R.	
  TuHe	
  (second	
  ediEon)	
  
•  Visual	
  Complexity.	
  	
  Mapping	
  PaEerns	
  of	
  Informa#on.	
  by	
  

Manuel	
  Lima	
  (Princeton	
  Architectural	
  Press,	
  New	
  York)	
  
•  Visual	
  Language	
  for	
  Designers.	
  	
  Principles	
  for	
  crea#ng	
  

graphics	
  that	
  people	
  understand.	
  	
  	
  by	
  Connie	
  Malamed	
  
all	
  very	
  beauEful	
  books,	
  most	
  are	
  in	
  the	
  UCT	
  library.	
  


