lecture 08:
graphical perception

October 11, 2017



Announcements

THE STATISTICAL & DATA SCIENCES (SDS)
DEPARTMENT AT SMITH COLLEGE PRESENTS

Presentation of

| | the Majo
Presentation of the major, I
Monday October 16th ‘

12:10-1:00 pm

FORD HALL 240
MONDAY, OCT 16TH, 12:10 - 1:00 PM

Lunch provided (glutten-free available)



Some things are processed slowly

e 720
@3y

)
Zn L

- SR6Y
8 Lo 4o o
% % - m i
& %9 o s
Bl Y MUY
b

¥ e .'~":‘"L AT D 3
Lol o 10 -0

via Jordan Crouser



Others are incredibly fast

via Jordan Crouser



Fast = “pre-attentive processing”
® [hings that happen in <200ms
of visual stimulation

e Performed In parallel across
the entire visual field



Get ready



via Jordan Crouser



What did you see”

via Jordan Crouser



"An understanding of what is processed
ore-attentively Is probably the most

Impor

via Jordan Crouser
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Pre-attentive features

color (hue) intensity size
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orientation clustering length

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


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

Pre-attentive features

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


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

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

via Jordan Crouser



Attentive counting
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How many threes are there?

via Jordan Crouser



Pre-attentive counting

How many threes are there?



Pre-attentive processing: color (hue)

via Jordan Crouser



Pre-attentive processing: shape (curvature)
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via Jordan Crouser



Pre-attentive processing: shape + color?
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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

Instructions
Count how many times the

players wearing white pass
the basketball.

P »l R 0047121 B & O
Attention test. Daniel Simons and Christopher Chabris. https://www.youtube.com/watch?v=vJG698U2Mvo



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

Attentive processing

Copyright:(c) 1998 Simons & L I rights reserved.
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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

The following are the 10 elementary tasks in Figure 1,
ordered from most to least accurate:

Position along a common scale

. Positions along nonaligned scales
Length, direction, angle

Area

Volume, curvature

Shading, color saturation

AW

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

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

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



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

Heer and Bostock, 2010

Cleveland & McGill's Results
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Figure 4: Proportional judgment results (Exp. 1A & B).
Top: Cleveland & McGiill's [7] lab study. Bottom: MTurk
studies. Error bars indicate 95% confidence intervals.

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

e A platform for paying for and providing
Human Intelligence Tasks (HITs)
e H| s are things that humans are good at,
but computers are not
e Now, researchers use it to find study
ocarticijpants 0000000 .. wion® a2 P

TO COMPLETE. YOUR REGISTRATION, PLEASE. TELL US < Albums puppy or bagel Select
WHETHER OR NOT THIS MAGE CONTANS A STOP SIGN:

ANSWER QUICKLY—0UR SELF-DRIVING
CAR 1S ALMOST AT THE INTERSECTION.

S0 MUCH Of "Al" 15 JUST FIGURING OUT WAYS
TO OFFLOAD WORK ONTO RANDOM STRANGERS.

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?



Magnitude estimation

How much bigger is the lower bar?
[ ]
I

Answer: 2X



Magnitude estimation

How much bigger is the right square?




Magnitude estimation

How much bigger is the right square?

Answer: 4x

via Jordan Crouser



Magnitude estimation

How much bigger is the left cube?




Magnitude estimation

How much bigger is the left cube?

Answer: 27X times

via Jordan Crouser



"Apparent” magnitude

Length
estimate
correctly

Area
— under-
© estimate
-
-
<
Volume
way under-

estimate

Perceived

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."

dp = k2 (1)

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



https://en.wikipedia.org/wiki/Weber%E2%80%93Fechner_law
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Fig. 1: a) A sample starting comparison from the experiment: r =
0.7 on the left and r = 0.6 on the right. Participants were asked to
choose which of the two appeared to be more highly correlated. b)
The staircase procedure hones in on the just-noticeable difference by
gradually making comparisons more difficult: » = 0.7 on the left and
r = 0.65 on the right.

Lane Harrison, Fuming Yang, Steven Franconeri, Remco Chang. “Ranking Visualizations of Correlation Using Weber’s
Law” 2014. http://vis.cs.ucdavis.edu/vis?2014papers/TVCG/papers/1943 20tvcal2-harrison-2346979.pdf



http://vis.cs.ucdavis.edu/vis2014papers/TVCG/papers/1943_20tvcg12-harrison-2346979.pdf
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Guess the Correlation. http://guessthecorrelation.com/

.D

HIGH SCORE MmMAIN MENU

Far

0. GIL

=TRERAKS
MEAN ERROR

EEE



http://guessthecorrelation.com/

1946 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL.20, NO.12, DECEMBER 2014
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Fig. 3: The nine visualizations tested in our experiment, at several correlation values. Because many of these visualizations appear differently
when depicting negatively versus positively correlated data, we test both in our experiment. The visualizations were larger (300x300 pixels)
when presented to participants. The color scheme used is colorblind-safe, chosen from ColorBrewer.

Lane Harrison, Fuming Yang, Steven Franconeri, Remco Chang. “Ranking Visualizations of Correlation Using Weber’s
Law” 2014. http://vis.cs.ucdavis.edu/vis?2014papers/TVCG/papers/1943 20tvcal2-harrison-2346979.pdf



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

flickr: mike _crane
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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 (ggplot?2)

ggplot (Default) +
geom poilnt (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)
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decrypt ("OLCE bQTQ Aw GWPATAWw d")

[1] "True data i1n position 14"
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decrypt ("O1CE bQTQ Aw GWPATAWw J")

[1] "True data 1n position 5"
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decrypt ("OLCE bQTQ Aw GWPATAWw yv")

[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

7. Salaries

Salaries are also diverse.

DIVERSITY IN TECH REPORT

Salaries

TheCooperReview.com

PAID TOO
MUCH
35%

PAID

ENOUGH
10%

WOMEN
55%

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


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

Types of debt

The total owed by the average U.S. household, by debt type.

$16,748

$176,222

$28,948

$49,905

$134,643



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

2" Arieh Kovler
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"Is 34 bigger or smaller than 147"
"Smaller. Definitely smaller”
"What about zero?"

"Zero's a bit less than 34 but it's much more
than 22"
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http://viz.wtf/post/162244611331/its-all-relative


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

How Prison Works ot

Recidivism Rate of Prisoners
Released in 1994

ALL RELEASED
PRISONERS
67.5%

VIOLENT
OFFENSES

PUBLIC-ORDER
OFFENSES

gased o0 a study tracking
272,111 prnsoners in 15 states
Source. U.S, Department of Justice Statistics

Reentry Trends In the United States



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

Illinois Spending
vs. Job Growth

@GovRauner


http://viz.wtf/post/159307760031/illinois-gov-bruce-rauners-analogy-of-mt
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http://viz.wtf/post/158934436808/3d-texture-insanity

