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Perception 
How is our perception distorted?



Recap (from lecture 1) 

• Pre-attentive attributes 

• Inattentional Blindness 
• Gestalt Principles



Pareidolia
A psychological phenomenon involving a stimulus (an 

image or a sound) wherein the mind perceives a 
familiar pattern of something where none actually 
exists. 

Common examples are perceived images of animals, 
faces, or objects in cloud formations, the "man in the 
moon", the "moon rabbit", and hidden messages 
within recorded music played in reverse or at higher- 
or lower-than-normal speeds.
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Examples
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Often used to support religious beliefs and/or conspiracy theories
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Pareidolia as a device for an artist
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“If you look at any walls spotted with various stains or 
with a mixture of different kinds of stones, if you are about 
to invent some scene you will be able to see in it a 
resemblance to various different landscapes adorned with 
mountains, rivers, rocks, trees, plains, wide valleys, and 
various groups of hills. You will also be able to see divers 
combats and figures in quick movement, and strange 
expressions of faces, and outlandish costumes, and an 
infinite number of things which you can then reduce into 
separate and well conceived forms.” 

         Leonardo da Vinci 
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The Jurist by Giuseppe Arcimboldo, 1566

The Rorschach inkblot test uses 
pareidolia in an attempt to gain insight 
into a person's mental state. The 
Rorschach is a projective test, as it 
intentionally elicits the thoughts or 
feelings of respondents which are 
"projected" onto the ambiguous inkblot 
images. Projection in this instance is a 
form of "directed pareidolia"



Pareidolia and computer vision
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When passed through the 
DeepDream program, 
an image of pies on a 
market stall shows eyes 
and the faces of dogs



References
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http://gestaltrevision.be/en/master-index/66-what-we-do/overview/
research-areas/mid-level/multistability/71-pareidolia 

https://en.wikipedia.org/wiki/Pareidolia 



SHORT-TERM MEMORY



Short-Term Memory 

• Attention/focus transfers information from 
 sensory memory to short-term memory 

• Lasts from a few seconds to a minute 

• Limited storage capacity 
 – Minimum:    5 elements 
 – Average:       7 elements 
 – Maximum:   9 elements



Practical Indications 

• Can reliably use 5 distinct attributes 

• Should use no more than 7 to be accessible 
 – No more than 7 distinct colors or shapes 

• Attributes are cumulative 
 – 3 shapes, 4 colors = 7 attributes 

• Once lose focus, forget information 
 – Distraction is costly



Grouping 

• Grouping/chunking can increase capacity 
 – 4154224174 versus (415) 422-4174 

• Group sizes must be kept small 

• Grouping can also improve speed of processing



Grouping 

• Find the unique color

http://steveharoz.com/research/attention/
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Grouping 

• Improves ability to detect outliers 

• Especially important as short-term capacity is 
 strained (approaching 7 colors) 

• Works for other pre-attentive attributes 
 (e.g. motion video) 

• Does not seem to help with search tasks 

  http://steveharoz.com/research/attention/



Grouping 

• Find all of the red squares
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Change Blindness 

• To notice change, must pay attention to or 
 focus on area of change 

• Can break focus with flicker, making it difficult 
 to detect change 

• For visualization, must be careful to direct the 
 eye where it is important



Change Blindness

http://www.csc.ncsu.edu/faculty/healey/PP/



Change Blindness
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Design Principles 
How to design visualizations



Designing Visualizations 

• What 
 – What data are you visualizing? 

• Why 
 – Why are you visualizing that data? 
 – Why would others use your visualization? 

• How 
 – How will you encode the data? 
 – How will you implement the visualization?



• Numerical Data 

• Categorical Data 

 Type of Data 

 • Multivariate Data 

 • Text Data 

 • Temporal Data 

 • Geospatial Data 

 • Hierarchical Data 

 • Network Data 



Visualization Purpose 

• Convey complex information 

• Capture attention and raise awareness 

• Create something aesthetically pleasing 

• Encourage exploration



Visualization Task 

• Quickly identify outliers 

• Quickly identify groups/classes 

• Quickly identify problems 

• Explore data to gain insight 

• Identify complex patterns



Encoding Data 

• Map data to pre-attentive attributes 

• Keep in mind perception 
 – Which attributes are stronger? 
 – How many distinct attributes can you use? 

• Revisit if how encoding is perceived matches 
 underlying data



 Implementation 

 • Static Visualizations 
  – Python with matplotlib 

 – R with ggplot2 

 • Interactive Visualizations 
  – D3.js  

 – Python with plot.ly 
  – R with Shiny 
  – Processing.js 

 • Animated Visualizations and new metaphors 
  – Processing



Evaluation 

• Does the visualization achieve your purpose? 

• Can the users achieve their visualization task? 
 – Quickly? 
 – Accurately? 

• Evaluate and iterate



GUIDELINES 
Information Visualization by Colin Ware



Random Selection of Tips 

•  [G1.2] Important data should be represented by 
 graphical elements that are more visually distinct 
 than those representing less important 
 information. 
•  [G1.6] Consider adopting novel design solutions 
 only when the estimated payoff is substantially 
 greater than the cost of learning to use them. 
•  [G3.1] Avoid using grayscale as a method for 
 representing more than two to four values.



Random Selection of Tips 

•  [G4.1] Use more saturated colors when color 
 coding small symbols, thin lines, or other small 
 areas. Use less saturated colors for coding large 
 areas. 

•  [G5.6] Use strong pre-attentive cues before weak 
 ones where ease of search is critical. 

•  [G10.6] Consider providing a small overview map 
 to support navigation through a large data space.



General Guidelines 

• More found in book by Colin Ware 

 – Information Visualization: Perception for 
  Design, 3rd Edition, 2013



Graphical Excellence 
Tufte on Design and Evalutation



Resources 

• Envisioning Information 
 by Edward R. Tufte, Graphics Press, 1990  

• Visual Explanations 
 by Edward R. Tufte, Graphics Press, 1997  

• The Visual Display of Quantitative Information 
 by Edward R. Tufte, Graphics Press, 2001 
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GRAPHICAL EXCELLENCE 
VDQI Chapter 1
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Graphics reveal data.
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VDQI Example (p13)
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VDQI Example (p13)
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VDQI Example (p14)
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Graphical Excellence 

• Avoid distorting the data 

• Reveal data at different levels of detail 

• Present many numbers in a small space 

• Encourage comparison 

• Encourage viewers to think about the data, 
 not graphic design, etc.
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VDQI Example (p18)
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21,000 Numbers



VDQI Example (p37)
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700 Words



VDQI Example (p37)
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VDQI Example (p49)
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Hundreds of Publications



Graphical Excellence 

• Avoid distorting the data 

• Reveal data at different levels of detail 

• Present many numbers in a small space 

• Encourage comparison 

• Encourage viewers to think about the data, 
 not graphic design, etc.
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VDQI Example (p24)
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VDQI Example (p29)
15



Graphical Excellence 

• A matter of substance, statistics, and design  

• Consists of ideas communicated with clarity, 
 precision, and efficiency  

• Greatest number of ideas in shortest time 
 and smallest space 

• Nearly always multivariate 
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Graphical Excellence

“…requires telling the truth about the data.”
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GRAPHICAL INTEGRITY 
VDQI Chapter 2
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Graphical Integrity 

• Missing scales and labels 

• Missing context 

• Distorting scales 

• Distorting design
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VDQI Example (p54)
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VDQI Example (p54) 
 bottom of scale ≈ -$4,200,000



VDQI Example (p54)
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VDQI Example (p54) 

 •  “Pseudo-decline” 

 •  Comparing full years 
  (1976 and 1977) to 
  half year (1978)
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Graphical Integrity 

• Missing scales and labels 

• Missing context 

• Distorting scales 

• Distorting design
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VDQI Example (p74)
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VDQI Example (p74) 

 • Missing context 

 • Which pattern did this 
  segment come from?
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VDQI Example (p74)
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Connecticut				

 New				York					

Connecticut				

Massachussets				

Rhode				Island				



Graphical Integrity 

• Missing scales and labels 

• Missing context 

• Distorting scales 

• Distorting design
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Distortion
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Distortion: Problem 

• Perceived area grows more slowly 
 than actual area 

• Perception changes per user 

• Perception changes with experience 

• Perception is context-dependent
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Distortion: Solution* 

• Physical representation should be directly 
 proportional to numerical quantities 

• Use clear and detailed labeling 

• Label important events in data
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Lie factor should be close to one 
 i.e. 1.05 > Lie Factor > 0.95
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Lie Factor 

 Lie Factor =
size of effect shown in graphic 
 size of effect in data



VDQI Example (p57)
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27.5−18.0 
 18.0

= 0.53 5.3−0.6 
 0.6

= 7.83  Lie Factor = 7.83 
0.53

=14.8



VDQI Example (p58) – No Lies!
37



VDQI Example (p69) 

 •  Lie factor of 2.8 

 •  Additionally: 
  –  Exaggeration from 
   perspective 
  –  Incorrect horizontal 
   spacing

34



VDQI Example (p71) 

 •  Surface area lie factor: 
  9.4 

 •  Volume lie factor: 
  59.4 

 •  Don’t use 2D or 3D to 
  show 1D data!
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Graphical Integrity 

• Missing scales and labels 

• Missing context 

• Distorting scales 

• Distorting design
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VDQI Example (p60)
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VDQI Example (p60)
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Graphical Integrity 

• Missing scales and labels 

• Missing context 

• Distorting scales 

• Distorting design 
 –  Show data variation, not design variation
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VDQI Example (p61) 

 •  Vertical Scales 
  –  1973 to 1978: 
   $8.00 per inch 
  –  1979: $4.00 per inch 

 •  Horizontal Scales 
  –  1973 to 1978: 
   3.8 years per inch 
  –  1979: 0.57 years per in
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VDQI Example (p63)
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VDQI Example (p69)
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How to compare area?



GRAPHICAL INTEGRITY 
Government Spending Example
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VDQI Example (p64)
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Graphical Integrity 

• Tall versus wide graphic emphasizes growth
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VDQI Example (p64)
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Graphical Integrity 

• Tall versus wide graphic emphasizes growth 

• Wide versus tall graphic emphasizes time
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VDQI Example (p64)
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Graphical Integrity 

• Tall versus wide graphic emphasizes growth 

• Wide versus tall graphic emphasizes time 

• Gimmicks emphasize different aspects
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VDQI Example (p66)
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VDQI Example (p66)
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3D makes 
newer bars 
tower over 
others 

 upward 
 arrows 
 emphasize 
 growth

not adjusted 
for inflation/ 
deflation

total, 
not ratio



VDQI Example (p66)
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 remove design distortion 



Graphical Integrity 

• Tall versus wide graphic emphasizes growth 

• Wide versus tall graphic emphasizes time 

• Gimmicks emphasizes different aspects 

• Counts versus ratios don’t provide context
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VDQI Example (p66)
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 adjust for population growth and inflation



VDQI Example (p66)
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 towering budget increases



VDQI Example (p66)
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actual decrease in per-capita spending



Lessons Learned 

• Beware emphasis caused by tall versus 
 wide graphs 

• Beware gimmicks over emphasizing data 

• Beware counts versus ratios 

• Beware un-adjusted numbers (e.g. dollars 
 versus dollars adjusted for inflation)
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Thanks to
Sophie J. Engle 

San Francisco University
for ideas, suggestions, slides, links, and much other stuff


