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The Lunch Problem 



Restaurants Have 

A Location 
A type (French, …) 
Price ($ - $$$$$) 
Star rating (« - «««««) 
Different rating (0-10) 
Open Mondays 
Takes reservations online 
(and more…) 
 
 

Neighborhood 
 
Distance to Apartment 
Walking time to Apt 



How much on a glyph? 

A thought exercise… 
 
We are putting symbols on a map 
Only restaurants 

 (don’t even worry about streets) 



Glyph Design Problem 
A type (French, …) 
Price ($ - $$$$$) 
Star rating («-5) 
Different rating (0-10) 
Open Mondays 
Online reservations 
(and more…) 
 

Color 
Shape 
Size 
Texture 
Angle 
Thickness 
Elongation 
Curvature 
Area 
 



Mini-Experiment 

Come up with 3 different glyph encodings 
 
You do not need to consider location 
You can’t use position 
 
Pack as many variables as possible 



Glyph Design Problem 
A type (French, …) 
Price ($ - $$$$$) 
Star rating («-5) 
Different rating (0-10) 
Open Mondays 
Online reservations 
(and more…) 
 

Color 
Shape 
Size 
Texture 
Angle 
Thickness 
Elongation 
Curvature 
Area 
 



Exam Question… 

What should you have asked first? 



Task! 

Where are there many restaurants with … 
What properties does this group have … 
What’s the closest restaurant with … 
 
Is there a restaurant with … 
Are there outliers? 
(and many more) 



Tasks to encodings 

If the task doesn’t require location 
 use position for something else 

 
Does the task require all variables at the 
same time? 
 
Search? Grouping? Averaging?  



How much on a glyph? 



How much on a glyph? 

And, why not more? 



What to think about? 

What form is the data? 
What visual variables do we have? 
 
What tasks do we need to do? 
How will those marks interact? 



Encodings 
How do we map data to marks? 



Data Abstractions 

What kind of data 



Levels of Measurement 

Categorical / Nominal 
Ordinal 
Interval 
Ratio 
 
Continuous vs. Discrete 
Finite vs. Infinite 



Other properties of types 
 set size 
 sequential / diverging 
 continuous / discrete 

 



Conversions between types 

Down-conversions easy 
 
Up-conversions harder 

 imposed orderings on categorical 



Visual Variables 



Data Types and Encodings 

Categorical 
Ordinal 
Quantitative 

 Interval 
 Ratio 

 
Small set/Large set 
Continuous/Discrete 
Diverging / Sequential 

Color 
Shape 
Size 
Texture 
Angle 
Thickness 
Elongation 
Curvature 
Area 
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Bertin, 1967 
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CHANNEL TYPES 
iden%ty	  (what	  or	  where)	  	  	  	  	  	  magnitude	  (how	  much)	  



A Gallery of Lines 





Types suggest encodings 

Continuous1 x Continuous2 
 
Continuous1 -> X Position 
Continuous2 -> Y Position 
 
Sample over range 
Mappings (values to positions) 



Continuous1 x Continuous2 
 
Continuous1 -> X Position 
Continuous2 -> Y Position 
 
Sample over range 
Mappings  
(values to positions) 
 
Interval vs. Ratio? 
 



Continuous1 x 
Continuous2 
 
Continuous1 -> Y Position 
Continuous2 -> Y Position 
 
Specific Samples 
(Nx(R,R)) 
Mappings  
(values to positions) 
 
 
 
 



Continuous1 x 
Continuous2 
 
Continuous1 -> Y Position 
Continuous2 -> Y Position 
 
Specific Samples 
(Nx(R,R)) 
 
Interval -> Color 

 Derive! 
 
 
 



Categorical X Ratio 
 
Categorical –> X position 
(mapping? Imposed order) 
 
Ratio -> Y position 
(range mapping) 



Categorical X Ratio 
 
Categorical –> X position 
(mapping? Imposed order) 
 
Ratio -> Y position 
(range mapping) 
 
Categorical -> Color 
(redundant) 
(mapping?) 
 



Categorical X Ratio 
 
Ratio/Category–> X position 
(sort by rank(Ratio)) 
 
Ratio -> Y position 
(range mapping) 
 
Categorical -> Color 
(redundant) 
(mapping?) 
 



Where is this going? 

Principles for choosing 
 encodings 
 mappings 

Match designs to data 
 
Not necessarily designs to task 



Categorical X Ratio 
 
Categorical –> X position 
(mapping? Order by Ratio) 
 
Ratio -> Color 
(color encoding) 

3	   Q	   α	  
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Categorical X Ratio 
 
Categorical –> X position 
(mapping? Order by Ratio) 
 
Ratio -> Color 
(color encoding) 
 
Ratio -> Size / Area 
(mapping / ramp) 

3	   Q	   α	  

0	   4.5	  



Categorical X  
(Categorical, Ratio, Ratio) 
 
Multi-class scatterplot 
 



Even more data 
distinctions 
 
Part/Whole 
Regions 
 

What data is this good for? 



What do you want to do with these? 

Absolute judgment 
Relative judgment 
Identify / find / match against key 
Form groups / regions 
 
Count / quantify 
Average / estimate statistics 



Pick encodings that… 

Match your data type 
Are good for the low-level task 
Work well with other things 
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Mackinlay, 1986 
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Cleveland & McGill, 1984 
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Heer & Bostock, 2010 



What do you want to do with these? 

Absolute judgment 
Relative judgment 
Identify / find / locate 
match against key 
Form groups / regions 
 
Count / quantify 
Average 



4
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Mackinlay, 1986 

What task(s) is each of these good for? 



Position is good for most things 

Absolute judgment 
Relative judgment 
Identify / find / locate 
match against key 
Form groups / regions 
 
Count / quantify 
Average 

0	   1	   2	   3	   4	   5	  

A	  

B	  

C	  

D	  

Fake	  Bar	  Chart	  

Series	  2	   Series	  1	  



Position: Relative vs. Absolute 





What do you want to do with these? 

Absolute judgment 
Relative judgment 
Identify / find / locate 
match against key 
Form groups / regions 
 
Count / quantify 
Average 



Most things OK for identification 
(given sufficient contrast) 

Healy	  web	  page	  
Popout	  examples	  



Human Perception 
A little bit on how we see 





E.	  B.	  Goldstein	  “SensaJon	  and	  PercepJon”	  	  
(Adapted	  from	  Lindsay	  &	  Norman,	  1977)	  



Ware	  2010	  
53	  



Some implications… 

We see very little at a time 
 
We build up an image over time 

 using memory 
 
Fast parallel sensing 
Slow serial search 



Some computer systems thinking… 

Lots of sensors 
(retinal cells) 

Lots of computing 
(neurons…) 



And a thin cable connected them! 

Theory: 
Clever coding gets lots of information in a 
little space 
 
Practice: 
Some things can be very efficient 
Others have work-arounds 



Other bottlenecks 

Throughout the stages… 
 Competition for Identification 
 Competition for selection 

Very limited short term memory 
 
Bad news: resource limited 
Good news: some parallel mechanisms 



Your eyes do some things really well 
Your brain needs help with some simple 
things 



Attention 

We control where to direct those resources 



Pre-Attention 

A misnomer! 
 
Involuntary? 
Pre-cognitive? 
Efficient? 
Parallel? 



Pre-Attention 

A misnomer! 
 
Involuntary? 
Pre-cognitive? 
Efficient? 
Parallel? 



Other Perception Tricks 



Some computer systems thinking… 

Lots of sensors 
(retinal cells) 

Lots of computing 
(neurons…) 



What can you do efficiently? 

Locate something that pops out 
 
Sense ensemble properties 

 estimate numerousity 
 estimate statistics 



Encodings for estimation? 

Estimating values 
Estimating relative differences 
 
Estimating ensemble properties (!) 

 a diversion – to my work 



Ensemble Encoding 









Which Color Point is Higher on 
Average? 

Gleicher,	  M.,	  Correll,	  M.,	  Nothelfer,	  C.	  and	  Franconeri,	  C.	  “PercepJon	  of	  
Average	  Value	  in	  MulJclass	  ScaZerplots.”	  InfoVis	  2013	  



How did you do that? 



Larger differences gives 
better performance 

More points do not hurt 
performance 

Stronger cues (color) 
outperform weaker ones 

Redundant cues do not help 
performance 

Conflicting cues do not hurt 
performance 

Distractor class does not 
hurt performance 

Key Results 

Gleicher,	  M.,	  Correll,	  M.,	  Nothelfer,	  C.	  and	  Franconeri,	  C.	  “PercepJon	  of	  
Average	  Value	  in	  MulJclass	  ScaZerplots.”	  InfoVis	  2013	  



Factors to consider 

Accuracy (estimate value) 
Discriminability (tell apart) 
Separability (see different things) 
 
And others… 



Grouping 



















Multi-Variate Glyph 
(from the Paris Apartment Problem) 
Position = Location 
 
Price (ordinal) -> Size 
Type (categorical) -> Hue 
Rating (ordinal) -> Lightness/Saturation 
Open Monday (categorical/binary) -> Shape 



How much can you encode? 

Restaurant 
 location 

 
 price ($, $$, $$$, $$$$) 
 type (French, Italian, …) 
 rating («,  ««,  «««,  ««««) 
 open Mondays 



Cue Interactions 







Cue Interactions 



SEPARABLE vs INTEGRAL 

separable: can judge each channel individually 
integral: two channels are viewed holistically 

89	  

separable integral 

Ware	  2004	  



SEPARABLE	  vs	  INTEGRAL	  

90	  
MacEachren	  1995	  



SEPARABLE	  vs	  INTEGRAL	  

91	  
Ware	  2004	  

separable	   integral	  

color | location
color | motion

color | shape
size | orientation

x-size | y-size
red-green | yellow-blue



Factors to consider 

Accuracy 
Discriminability 
Separability 
 
Popout, Search, Average, … 
 
Salience, Semantics, … 









Some Examples 
Name that encoding! 
Critique that encoding! 






