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Some things are processed slowly

via Jordan Crouser



Others are incredibly fast

via Jordan Crouser



Fast = “pre-attentive processing” 
• Things that happen in <200ms 
of visual stimulation 
• Performed in parallel across 
the entire visual field

via Jordan Crouser



Get ready



via Jordan Crouser



What did you see?

via Jordan Crouser



“An understanding of what is processed 
pre-attentively is probably the most 

important contribution that visual science 
can make to data visualization” (Ware, 

2004, p. 19) 

via Jordan Crouser



Pre-attentive features
color (hue) intensity 

orientation clustering 

size 

length 

via Jordan Crouser, and http://www.csc.ncsu.edu/faculty/healey/PP/

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


Pre-attentive features
closure curvature intersection 

termination lighting direction flicker 

via Jordan Crouser, and http://www.csc.ncsu.edu/faculty/healey/PP/

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


Pre-attentive processing facilities: 
• Target detection (presence or absence) 
• Boundary detection / grouping 
• Region tracking 
• Counting and estimation

via Jordan Crouser



1281768756138976546984506985604982826762  
9809858458224509856458945098450980943585  
9091030209905959595772564675050678904567  
8845789809821677654876364908560912949686 

Attentive counting

How many threes are there?

via Jordan Crouser



1281768756138976546984506985604982826762  
9809858458224509856458945098450980943585  
9091030209905959595772564675050678904567  
8845789809821677654876364908560912949686 

Pre-attentive counting

How many threes are there?

via Jordan Crouser



Pre-attentive processing: color (hue)

via Jordan Crouser



Pre-attentive processing: shape (curvature)

via Jordan Crouser



Pre-attentive processing: shape + color?

via Jordan Crouser



Discussion: what’s 
going on here?



Sometimes gestalt and pre-attention compete

via Jordan Crouser



Sometimes gestalt and pre-attention compete

via Jordan Crouser



Attentive processing

Attention test. Daniel Simons and Christopher Chabris. https://www.youtube.com/watch?v=vJG698U2Mvo 

https://www.youtube.com/watch?v=vJG698U2Mvo


Attentive processing

Door study. Daniel Simons and Daniel Levin. https://www.youtube.com/watch?v=FWSxSQsspiQ 

https://www.youtube.com/watch?v=FWSxSQsspiQ


Cleveland and McGill, 1984

William Cleveland and Robert McGill. “Graphical Perception: Theory, Experimentation, and Application to 
the Development of Graphical Methods.” Journal of the American Statistical Association, 79(387). 1984. 
http://info.slis.indiana.edu/~katy/S637-S11/cleveland84.pdf

http://info.slis.indiana.edu/~katy/S637-S11/cleveland84.pdf


Di Cook, 2016

Di Cook. “Modern Crowd-Sourcing and Cleveland-McGill's graphical hierarchy.” 
http://visiphilia.org/2016/08/03/CM-hierarchy 2016.

Take the survey: 
 http://bit.ly/JSM-vis16

http://visiphilia.org/2016/08/03/CM-hierarchy
http://bit.ly/JSM-vis16


Heer and Bostock, 2010

Jeff Heer and Mike Bostock. “Crowdsourcing Graphical Perception: Using Mechanical 
Turk to Assess Visualization Design” http://vis.stanford.edu/files/2010-MTurk-CHI.pdf

http://vis.stanford.edu/files/2010-MTurk-CHI.pdf


Aside— Amazon Mechanical Turk
• A platform for paying for and providing 
Human Intelligence Tasks (HITs)  

• HITs are things that humans are good at, 
but computers are not 

• Now, researchers use it to find study 
participants

https://www.xkcd.com/1897/ http://knowyourmeme.com/memes/puppy-or-bagel

https://www.xkcd.com/1897/
http://knowyourmeme.com/memes/puppy-or-bagel


Magnitude estimation
How much bigger is the lower bar?

via Jordan Crouser



Magnitude estimation
How much bigger is the lower bar?

via Jordan Crouser

Answer: 2x



Magnitude estimation
How much bigger is the right square?

via Jordan Crouser



Magnitude estimation
How much bigger is the right square?

via Jordan Crouser

Answer: 4x



Magnitude estimation
How much bigger is the left cube?

via Jordan Crouser



Magnitude estimation
How much bigger is the left cube?

via Jordan Crouser

Answer: 27x times



“Apparent” magnitude
Length 
estimate  
correctly 

Area 
under- 

estimate 

Volume 
way under- 
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via Jordan Crouser and http://makingmaps.net/2007/08/28/perceptual-scaling-of-map-symbols/

http://makingmaps.net/2007/08/28/perceptual-scaling-of-map-symbols/


Weber’s law

"Simple differential sensitivity is inversely proportional to the 
size of the components of the difference; relative differential 

sensitivity remains the same regardless of size."

https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law

https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law


Lane Harrison, Fuming Yang, Steven Franconeri, Remco Chang. “Ranking Visualizations of Correlation Using Weber’s 
Law” 2014. http://vis.cs.ucdavis.edu/vis2014papers/TVCG/papers/1943_20tvcg12-harrison-2346979.pdf

http://vis.cs.ucdavis.edu/vis2014papers/TVCG/papers/1943_20tvcg12-harrison-2346979.pdf


Guess the Correlation. http://guessthecorrelation.com/

http://guessthecorrelation.com/


Lane Harrison, Fuming Yang, Steven Franconeri, Remco Chang. “Ranking Visualizations of Correlation Using Weber’s 
Law” 2014. http://vis.cs.ucdavis.edu/vis2014papers/TVCG/papers/1943_20tvcg12-harrison-2346979.pdf

http://vis.cs.ucdavis.edu/vis2014papers/TVCG/papers/1943_20tvcg12-harrison-2346979.pdf


Graphical inference: the lineup

flickr: mike_crane



Hadley Wickham, Dianne Cook, Heike Hofmann, and Andreas Buja. (2010). Graphical Inference for Infovis. IEEE 
Transactions on Visualization and Computer Graphics, 16(6).  http://bit.ly/graphical_inference

http://bit.ly/graphical_inference


library(ggplot2) 
ggplot(Default)+ 
geom_point(aes(x=balance, y=income, col=default)) 

library(nullabor) 
ggplot(lineup(null_permute('default'), Default))+ 
geom_point(aes(x=balance, y=income, col=default)) + 
  facet_wrap(~.sample) 

decrypt("OlCE bQTQ Aw GWPATAWw d") 

[1] "True data in position 14" 





decrypt("OlCE bQTQ Aw GWPATAWw J") 

[1] "True data in position 5"





decrypt("OlCE bQTQ Aw GWPATAWw y")

[1] "True data in position 4" 



Activity: apply what we know 
about graphical perception to the 

visualizations on http://viz.wtf/

http://viz.wtf/


http://viz.wtf/post/164260261516/impact-categories-easy-presented

http://viz.wtf/post/164260261516/impact-categories-easy-presented


http://viz.wtf/post/163991311758/payscales#notes

http://viz.wtf/post/163991311758/payscales#notes


http://viz.wtf/post/163295399667/how-not-to-do-a-bar-chart-lengths-are-not

http://viz.wtf/post/163295399667/how-not-to-do-a-bar-chart-lengths-are-not


http://viz.wtf/post/162244611331/its-all-relative

http://viz.wtf/post/162244611331/its-all-relative


http://viz.wtf/post/162169270900/what-is-the-recidivism-rate-for-pie-chart

http://viz.wtf/post/162169270900/what-is-the-recidivism-rate-for-pie-chart


http://viz.wtf/post/159307760031/illinois-gov-bruce-rauners-analogy-of-mt

http://viz.wtf/post/159307760031/illinois-gov-bruce-rauners-analogy-of-mt


http://viz.wtf/post/158934436808/3d-texture-insanity

http://viz.wtf/post/158934436808/3d-texture-insanity

