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How can | visually represent two numbers, e.qg.,

4 and 8




Marks & Channels

Marks: represent items or links
Channels: change appearance based on attribute
Channel = Visual Variable




Marks for Items

Basic geometric elements

(® Points (® Lines (® Areas
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0D | D 2D

3D mark: Volume, but rarely used



(® Containment

Marks for Links

(® Connection
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Channels (aka Visual Variables)

® Position @ Color
COntrOI appearance 2> Horizontal = Vertical 2> Both

proportional to or — : -] / / /

based on attributes

™ Tilt
A ¥ / ks |/
(® Size
2> Length > Area 2> Volume
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Jacques Bertin

French cartographer
11918-2010]

Semiology of Graphics [1967]

Theoretical principles for visual
encodings




Bertin’s Visual Variables

Marks: Points Lines  Areas
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Semiology of Graphics [J. Bertin, 67]



Using Marks and Channels

Mark: Line Mark: Point Adding Hue Adding Size
Channel: Length, Position Channel: Position +1 categorical attr. +1 quantitative attr.
1 quantitative attribute 2 quantitative attr.

1 categorical attribute



Redundant encoding

Length, Position and Value




Good bar chart?
c2

48 HR

i GO SKIING THIS EASTER WEEKEND

e —=

.

Rule: Use channel proportional td data!

https://twitter.com/ChaseThomason/status/11184780365071646727s=19



https://twitter.com/ChaseThomason/status/1118478036507164672?s=19

Types of Channels

Magnitude Channels Identity Channels
How much? Which Rank? What?

Position Shape

Length Color (hue)
Saturation ... Spatial region ...

Ordinal & Quantitative Data Categorical Data



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
A
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What visual variables are used?

Across U.S. Companies, Tax Rates Vary Greatly

Last week, in a Congressional hearing, Apple got grilled for its low-tax strategy. But not every business can copy that
approach. Here is a look at what S.&P. 500 companies paid in corporate income taxes — federal, state, local and
foreign — from 2007 to 2012, according to S&P Capital IQ. Related Article »

The Overall Picture The View by Industry
Effective tax rate 0% 10% 20% 30% 40% 50% = 60% N.A.
2007-12 | | I [ I [ I I
OVERALL
29.1%
OOOO
OOOO
OO
S.&P. 500 %2 o Ok'e
companies o0 - °5Q8
Q00O
O
O
About one of every seven Each circle represents a Combining earnings and Three big energy firms Effective tax rates cannot
companies had an company, sized by its taxes for all S.&P. 500 paid the most taxes in be computed for several
effective tax rate lower market capitalization. The companies gives an absolute terms: Exxon dozen companies
than 10 percent, including largest is Apple, at more effective tax rate of 29.1 $146 billion; Chevron $85 because they lost money
Amazon at 6 percent and than $400 billion, with an percent. But rates vary billion; and over the six-year period.
Verizon at 9 percent. effective tax rate of 14 widely by industry. ConocoPhillips $58 For example, A.L.G. lost
Nine companies paid no percent. billion. $83 billion while paying

taxes at all. $8 billion in taxes. These
companies are still
included in overall tax rate
calculations.

CHART KEY Color shows effective rate IS | | [r— Size shows market capitalization - $1B 0 $10B () $50B O $100B
10 20 30 40  50%

http://www.nytimes.com/interactive/20 | 3/05/25/sunday-review/corporate-taxes.html



http://www.nytimes.com/interactive/2013/05/25/sunday-review/corporate-taxes.html
http://www.nytimes.com/interactive/2013/05/25/sunday-review/corporate-taxes.html

Characteristics of Channels

Selective %
Is a mark distinct from other marks?
Can we make out the difference between two
marks? L
.y - =
Associlative "

Does it support grouping?
Quantitative (Magnitude vs Identity Channels)
Can we quantify the difference between two marks? I



Characteristics of Channels

Order (Magnitude vs ldentity) I I I

Can we see a change in order?

Length

How many unique marks can we make?



Position

Strongest visual variable
Suitable for all data types
Problems:

Sometimes not available
(spatial data)

Cluttering

Selective: yes
Associative: yes
Quantitative: yes
Order: yes
Length: fairly big



Women's
median weekly
earnings

OCCUPATIONS: Show all

® Entertainment, education and law

® Science, computers and health care
@® Management, business and financial
@ Production and transportation

® Service, sales and office

Example: Scatterplot

Roll over
dots for
information

Men's median weekly earnings
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http://www.nytimes.com/interactive/2009/03/01/business/20090301_WageGap.html

3D Scatter Plot
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Length & Size

Good for 1D, OK for 2D, Bad for 3D
Easy to see whether one Is bigger

Aligned bars use position redundantly
For 1D length:

Selective: yes

Associative: yes

Quantitative: yes

Order: yes
Length: high



All Spending Types of Spending

How $3.7 Trillion Is Spent

Mr. Obama's budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the
proposed spending.

.....

$100 billion

. $10 billion
PRV $1 billion

Color shows amount of cut or
increase from 2012.

I B
—25% 5% 0 +5% +25%

Changes

Department Totals

Example 2D Size: Bubbles

Four Ways to Slice Obama’s 2013 Budget Proposal

Explore every nook and cranny of President Obama's federal budget proposal.

Largest Increases

Largest Cuts



http://www.nytimes.com/interactive/2012/02/13/us/politics/2013-budget-proposal-graphic.html

Value/Luminance/Saturation

OK for quantitative data when length & size are used.
Not very many shades recognizable

Selective: yes

Associative: yes

Quantitative: somewhat (with problems)
Order: yes

Length: limited




Example: Diverging Value-Scale

Bingham

Bountiful i )

CANDIDATE VOTES PCT.
| Hillary Clinton 681 71%

W Donald Trump 165 17%

This is a Clinton precinct. The
surrounding area is in the 79th

percentile for Clinton.

The nearest Trump precinct is in the
. Bountiful, Utah area, a 51-minute
e drive without traffic.
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https://www.nytimes.com/interactive/2018/upshot/election-2016-voting-precinct-maps.html#10.65/40.749/-111.771/148899

Color

Good for qualitative data (identity channel)  Selective:yes

Limited number of classes/length (~7-10!) gz:if;:/veey:j

Does not work for quantitative data! Order: no
Lots of pitfalls! Be careful! Length: limited
My rule:

minimize color use for encoding data
use for brushing | ‘ { -



Color:

a Example
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FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous US. for the Period
197 1-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Calculations of ET/P were made first at the

S00-m resolution of the PRISM climate data. The mean values for the counties (zhown ) were then calculated by averaging the S00-m values

within each county. Areas with fractions >1 are agricultural counties that either import surface water or mmne deep groundwater. Cliff Mass


http://cliffmass.blogspot.com/

Color: Good Example

Why Peyton Manning's Record Wil
Be Hard to Beat

By GREGOR AISCH and KEVIN QUEALY OCT. 19, 2014

500

400 Dan Marino

The Broncos quarterback set the all-time N.F.L.
touchdown passing record — and is still going strong.

Fran Tarkenton

300 touchdown
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John Elway
Johnny Unitas

Dan Fouts

Y.A. Tittle John Hadl

200
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100
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/_.
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Jay Cutler
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Matthew Stafford
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Russell Wilson

» Robert Griffin

1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

2010


http://www.nytimes.com/interactive/2014/10/19/upshot/peyton-manning-breaks-touchdown-passing-record.html?abt=0002&abg=1&smid=tw-upshotnyt

Shape

Great to recognize many classes.
NO grouping, ordering.

Selective: yes

Associative: limited

Quantitative: no

Order: no

Length: vast



MITSUBISHI
MOTORS

]

PN

JAN

A

Ferrari

— e — 7
= ASTON MARTIN Sa———
—— A——

<</ [\
NS

ASTON MARTIN

~-~— - ’
A D | 2 X
‘ e masems
Autcbahn Aussbahn exit Diocson to © sbatinn ole " _ Dasger Crossroads Oncarmng Fallng
o Acicbamnonds | Motr vebicies | Erd ol moter avtcbatn Distance o Amorepars | a3t Se =g i} Pt tio rae S v
orly vehicles only next change 4 fuel machines .
= 22 vorsaeny  YQUIMUE kvow
24
E e o« 1 Gamentrdficigs
X p UXARET N POSTER PG00 Jem, 2001 Oepersedes TXARET N Poser 1908 Nt
Torts and  [Rsdio stasicn vatic| Festaid staten Telephone Paxe O s ] Parking on Parking area Parkng dise Park and rde Ausbahn Detowr route
Y lors wlrmason spaod aurb perrmitied ok e detou! 5 N
. f [ |
] v i lm_) — . Schotlen
([@ahahet> »w =1 - 36 35 Wilster ot
et € e Sl Btiw J
. Ay Directicn sign > Detour L — Ewrcpean Fedenl
e | . BoR-up area Bulep stea
N : = Direction of ¥avel hghway highmay (hrort) (roverse
Deecton to hange ¢ Orectional sign nurmber ‘ ' Single axve Dowtle corve Road narrows Road No
= tratfic lanes Bypass ecuing revision =
aucbabn Narrows motoecyclos
Supplemental (Nebenmieche
B 2] L'-' Eltz .r (: ) - (Mebenmiecie) VoAb l ] [s..g...l
9 Weiller sgn E ['...4..'] Rollsplat sihaden 63
" Poat of Name plac Sreatcarbus @ Orange Talfic arrow
Place a a
Erd oA oty Dvecton of indarost L stop Danger of Fecommended Solthoubler S.,m":xy “;.;xq.c(l g — SSESS— Quay o river Low fyng Pedestian
fmits ravel for Dccasonally used | usewpected e |directcn of Favel i) o ; ok 7” . = Pedestnian No verscles
P h sugplemental 3 arcraf CHOSSW b
becychos e stay shead crossewnl carrying
e dargertus Qoods
anlieger - ©® . 2/ - - -
- —) | e | ' @
o \
. Broken white Ine
: Soeed and Sold white Ire y
Residents only dztance sign Passing only Actow on Pedestrian Traffic jam "
from beoken Off Srsits pavement Dicoctional erostunl No parking ahead Tralfic jam area | Bicyde orossing Dangerous Dangeccus Rough soad No bicycles
Iro sde markings MTOWS atead Sowey 530 wgrade
' !
Sigpery t0ad Loose gravel Children Constson Drawbridge Wid anmal Domestc Side wind Smop Sigrallgt= Swp Yield right of Mandagery Mardatory Mardasry Mandavey Tourist ofice
e shead rossing anmal Motor wobicle ahead way draction ot drection of direchon of deechon of ot matic
e ralbe proddted travel iz travel tavel ormabion
Veiitin ind i @ : @ Beg of End of @
Maxerum Max No vetucl Vehicles above a e | Wt an susbodized = . ) M neing of :
height alowed Muf‘:rn M"::" 4 ”:5 p s Motor vebicles boaded ¢ of Mnr'{—. Marmu No U Pretbssed for Entry M:nd.-t-fy - _'-‘_- ‘; pedestian podestian
wiath ol lowed Wag i akowe Iy more Peoic gr oM bted - 0 dstance lengh alowed M los peobvbeied dwecton of ohon prorty aea prorty area Tralbe cecle
$han 3000 Mers of | weight prohbied more han 355008 | Louyan vehicles slveric trawel travel )
polhtants prohtsied ol 3.5
\ W 4 N 9 J ™ .
. . €I : ’ Nisse m . .
: N . ’ ' ~ m . ® 'F
5 O Z VA i ZONE ONE o
a .l
Distarce to Distance to - Rairoad Guarded Unguarded Speed z0me of = _ = of Pedosti End of Buslane
gusrdedradtoad | cnouarded — .”,,: crossng rairoad ratoad bl o] Spoed imt Sndcl weed | Only when wet SHE S i odectian plyno
Crossny cross gosnng a 207
? rakoad =g ¥ea o
osung
® N —= =
Narks sreefghts w Frgc]
No paseng lor ’ ONE hat are not ne
e T dretes Oy
Restricted no N ! End of m authoszed weight Fnd ot no place cardin|  Eng of bemited End of b wren Customs traffic has rght Snow chars Horse rders Pedesyians Bicycles only  |rformat
0 stoppng Nopassing d 0 5 dshvold s mght of wa - 2 bonter
wopeng passing zone pasarg 2ore W pading 20re resincion comrel Y rmandatory only oy & ou
UO:’E:
"- S -‘ | ?ﬂ“&“:{_: -y H . Sepacated bicyce | Jointly used TAXI
Pricety road End of Prority Rghto Y 1 Bridoe ¢ Pt Dead end Cne-way tafic Oncoming o scry End of and pedestnan pavements for = Ext number
road Pricry road capachy f_‘mc tatic must mimem lscey plm.-, M::nx: and Taxi parking .:4::
Pricrty 10ad norty ro el : " p ' J res¥icied speed ye ot e o0
i herd wor cloz - tpoed ima minemum 200e perh ¥ s



http://www.drivemex.com/europe-road-signs/

Chernoff Faces

ldea: use facial parameters to map quantitative data
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OO0 O®
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@@O®®.@@@@®

Critique: https://eagereyes.org/criticism/chernoff-fac



https://eagereyes.org/criticism/chernoff-faces

More Channels
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Why are quantitative channels different?

Steven’s Psychophysical Power Law: S= IV

= sensation
= |Intensity

- N

Perceived Sensation

Physical Intensity



Steven’s Power Law, 1961
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http://graphics.stanford.edu/papers/polaris/

How much longer?




How much longer?

4x



How much steeper?



How much larger?

5Xx



How much larger?

A B

2X
diameter

4x area

area is proportional to
diameter squared




How much larger (area)?

. 3X




How much darker?




How much darker?




Position, Lengt

The eyeballing game

Adjust to make a parallelogram

Accurate to 5.0 units

h & Angle

Your inaccuracy by category:
Parallelogram

Next

Midpoint

Bisect angle

Triangle center

Circle center
Right angle
Convergence

1 J—

Average error: 5.00 (lower is better)
Time taken: 3.3

Best of last 500 score and time: (more)

1.32
1.36
1.39
1.46
1.50
1.95
1.57
1.65
1.70
1.75

250 s
81s
110 s
93 s
95 s
114 s
113 s
85s
71s
89 s

Harabubakken sparkakar ki
+ rides saddle horn
have both-can f myself+
+ iS one Kinky dude

no NT...sample my taco? +

+ "come on funny feeling"
JSA
JSA

Best on this computer score and time:


http://woodgears.ca/eyeball/index.html

Other Factors Affecting Accuracy

Alignment

Distractors

Distance
Common scale s e

I|I|Ivsllvsl|vs| :



Cleveland / McGill, 1984

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPES

100 100 1004 100 1oo~|

0od 0 od 0 oJ
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Figure 4. Graphs from position—length experiment.

40
®
(N
c
E
0
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Figure 3. Graphs from position—angle experiment. William S. Cleveland; Robert McGill ,
“Graphical Perception: Theory,
Experimentation, and Application to
the Development of Graphical
Methods.” 1984
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Heer & Bostock, 2010

CHI 2010: Visualization

April 10-15, 2010, Atlanta, GA, USA

Crowdsourcing Graphical Perception: Using Mechanical
Turk to Assess Visualization Design

Jeffrey Heer and Michael Bostock
Computer Science Department
Stanford University
{jheer, mbostock } @cs.stanford.edu

ABSTRACT

Understanding perception is critical to effective visualiza-
tion design. With its low cost and scalability, crowdsourcing
presents an attractive option for evaluating the large design
space of visualizations; however, it first requires validation.
In this paper, we assess the viability of Amazon’s Mechanical
Turk as a platform for graphical perception experiments. We
replicate previous studies of spatial encoding and luminance
contrast and compare our results. We also conduct new ex-
periments on rectangular area perception (as in treemaps or
cartograms) and on chart size and gridline spacing. Our re-
sults demonstrate that crowdsourced perception experiments
are viable and contribute new insights for visualization de-
sign. Lastly, we report cost and performance data from our
experiments and distill recommendations for the design of
crowdsourced studies.

ACM Classification: HS.2 [Information interfaces and pre-
sentation]: User Interfaces—Evaluation/Methodology
General Terms: Experimentation, Human Factors.
Keywords: Information visualization, graphical perception,
user study, evaluation, Mechanical Turk, crowdsourcing.
INTRODUCTION

“Crowdsourcing” is a relatively new phenomenon in which

web workers complete one or more small tasks, often for
PPN PP P R bs snoe s rerdas ~E CNANTYT 00 SN 1N canne tncl

for ecological validity. Crowdsourced experiments may also
substantially reduce both the cost and time to result.

Unfortunately, crowdsourcing introduces new concerns to be
addressed before it is credible. Some concerns, such as eco-
logical validity, subject motivation and expertise, apply to
any study and have been previously investigated [13, 14, 23];
others, such as display configuration and viewing environ-
ment, are specific to visual perception. Crowdsourced per-
ception experiments lack control over many experimental
conditions, including display type and size, lighting, and
subjects’ viewing distance and angle. This loss of control
inevitably limits the scope of experiments that reliably can
be run. However, there likely remains a substantial subclass
of perception experiments for which crowdsourcing can pro-
vide reliable empirical data to inform visualization design.

In this work, we investigate if crowdsourced experiments in-
sensitive to environmental context are an adequate tool for
graphical perception research. We assess the feasibility of
using Amazon’s Mechanical Turk to evaluate visualizations
and then use these methods to gain new insights into visual-
ization design. We make three primary contributions:

e We replicate prior laboratory studies on spatial data en-
codings and luminance contrast using crowdsourcing tech-
niques. Our new results match previous work, are con-
sistent with theoretical oredictions 211, and suegest that



http://vis.stanford.edu/papers/crowdsourcing-graphical-perception
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Log Error = log2(judged percent - true percent + 1/8)

Cleveland & McGill’'s Results
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Jock Mackinlay, 1986

Quantitative Ordinal Nominal
Position = Position = Position
O) Length Density Hue
= Angle Saturation Texture
% Slope Hue Connection
O Area A Texture Containment
O Volume “.0‘ Connection Density
O Density ’.%Q’Q Containment Saturation
a Saturation "%0' Length Shape
Hue / Angle Length
Texture Slope Angle
Connection Area Slope
Containment Volume Area
Shape @ =—— Shape Volume

[Mackinlay, Automating the Design of Graphical Presentations of Relational Information, 1986]



Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
A
Position on common scale " e '_: 7 Spatial region = - .
=
Position on unaligned scale ! l| ! o Color hue B E B
: o : @ o ©
Length (1D size) Motion o ® G
Tilt/angle Shape + O B A
Area (2D size) Z
Depth (3D position) —e | >e %
Color luminance )
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Color saturation
Curvature ) ) ) )
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Position
+ Hue (Color)

Size
+ Hue (Color)

Fully separable

Width
+ Height

Some interference

Some/significant
interference

T. Munzner,

Separability of Attributes

Can we combine multiple visual variables?

Major interference

Visualization Analysis and Design, 2014



